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WHEN COMPRESSION 
RATIOS WERE 3 tol... 


any good oil ring would do! 


1912 Packard with left 
drive control, electric 
self-starter, electric 
lighting. Starting, igni- 
tion and carburetor 
controls on steering 
column. Rated horse- 
power—38. Maximum 
brake horsepower 
60. Engine—6 cylin- 
ders with bore of 4’, 
stroke of 514". A great 
car in its day! 


But today it takes the 
PERFECT CIRCLE 


TYPE “98” 
CHROME OIL RING 


to meet the exacting demands of modern 
high-compression engines 


@ Specifically designed for today’s high- 
compression engines! 

@ Universal application... bottomless and 
conventional grooves...all depths 


@ Multiple tiny springs exert both side and 
radial pressure! 


@ Provides maximum oil drainage! 


Best for new engines ...essential for worn engines 


PERFECT CIRCLE 


PISTON RINGS 
Preferred by more people than any other brand! 


The Perfect Circle Corporation, Hagerstown, Indiana 
The Perfect Circle Co., Ltd., Don Mills, Ontario 
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NEW DEPARTURE ALL BEARINGS 








<= ad 


RSIS 
~ HOW AN AUTOMOTIVE see | 


TAKES LOADS OFF HIS MIND! 


One easily applied unit ball bearing—requiring no 
adjustment — provides ideal radial support and axial 
location in both directions for an infinite variety of 
shaft mountings. If a ball bearing is used at the 
other end of the shaft, it floats—takes radial load 
only. Or the other bearing may be a plain bushing, 
Uj or any radial, anti-friction type the designer may 
elect. No headaches over shaft expansion or normal 


machining errors 
WR Also, ball bearings equipped with snap rings permit 
\_,.} simpler mounting methods. Bearing housings can be 
<—-—_\\_ bored straight through without inside shoulders. The 
\\ snap ring gives the bearing adequate axial location. 
' In addition, New Departure ball bearings can be 
self-sealed and lubricated-for-life, allowing still further 
design simplifications. 


Check into this for greatest simplicity and economy 
in your designs. Remember—no other bearing 
except dual type or single bearings used in opposed 
pairs can equal this load service. 


Let New Departure ball bearings help take a design 
load off your mind. Write New Departure today 
for all the facts. 


SEE ''WIDE WIDE WORLD" SUNDAYS—NBC-TV 


BALL BEARINGS MAKE GOOD PRODUCTS BETTER 


NEW DEPARTURE e@ DIVISION OF GENERAL MOTORS e@ BRISTOL, CONN, 
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We are specialists in the custom-building 


of the types of gears shown here. We make 


them in quantity to your specifications. 


Manufacturers who want that kind of 
wide specialization—and who are looking 
for a company that can serve as a “gear 
department” are indeed invited to write 


or phone. The answer will be prompt. 


* REG. U.S. PAT OFF 


AUTOMOTIVE GEAR DIVISION 
MANUFACTURING COMPANY 
RICHMOND, INDIANA 


GEARS FOR AUTOMOTIVE, FARM EQUIPMENT AND GENERAL INDUSTRIAL APPLICATIONS 
GEAR-MAKERS TO LEADING MANUFACTURERS 


SAE JOURNAL, January, 1957, Vol. 65, No. 1 Published monthly except two issues in January by the Society of Automotive Engineers, Inc 
Publication office, at 10 McGovern Ave., Lancaster, Pa. Editorial and advertising department ai the headquarters of the Society, 485 Lexing 
ton Ave., New York 17, N. Y. $1 per number ; $10 per year ; foreign $12 per year; to members 50 cents per number, $5 per year. Entered as 
second class matter, September 15, 1948, at the Post Office at Lancaster Pa., under the act of August 24, 1912. Acceptance for mailing at spe 
cial rate of postage peqreee for in the Act of February 28, 1925, embodied in paragraph (d-2), Sec. 34.40, P. L. and R., of 1918. Additional 
entry at New York, 
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Decision "O” Rings protect the Heart 
of Hydraulic Power Steering Sy tems. 





f 






Precision ‘‘O” Rings provide positive hydraulic 
oil seal in this 1500 P.S.1. Mobile pump in a 
temperature range up to 160°F. Quality control 
in “O” Ring manufacture protects this heart of 
@ power steering system, 








Precision “O” Rings 






There can be no compromise on quality and reliability in hydraulic 





In Mitxems constant delivery vane type pumps, 
. i es : used on Industrial machinery, Precision ‘‘O"’ 
largest manufacturer of fine hydraulic pumps, use Precision “O” Rings Rings are used in pump, unloading and pres- 






power steering pumps. Miextrs Incorporated, of Detroit, Mich., the world’s 






to assure dependable, long life performance under exacting conditions. sure relief valve sections to provide effective 
seals against hydraulic oil leakage. 





Precision “O” Rings are used in the majority of Miekmss mobile and in- 





dustrial hydraulic pumps. For Wickes Incorporated and hundreds of other 





manufacturers, the use of Precision “O” Rings means economical, efficient, 





leak-proof operation. 





Precision compression molded “O” Rings are rigidly inspected — 





quality-controlled — meet all military and commercial specifications — the 





finest made! Precision can furnish the size and compound that fits your 





product requirements. 





Place your sealing problem in the hands of an expert—the Precision 





In MiektRs variable delivery piston type pumps, 
used on Industrial machinery, Precision ‘‘O"’ 






engineer. He can assist you in product design. Rely on Precision, the 






world’s largest exclusive producer of “O” Rings. Rings give exacting service in sealing against 
hydraulic oil pressure up to 3000 P.S.1. 







Write for your free copies of Precision catalogs on “0” Rings and Dyna-seals 





“recision Rubber Products 
Corporation - O° Ring and Dyna-seal Specialists 








3110 Oakridge Drive, Dayton 7, Ohio eae te Eitan alia 
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The unique design of the “load cushion” accounts for 


smooth, even rides in the full range of loads, empty to 
«<q « } pa’ D CUSH ION 97 full. Enjay Butyl Rubber (in red) made it possible. 


replaces stee/ springs in big Tractor Trailers 





The “load cushion”’ is an important innovation in tandem suspension. Devel- 
oped by the Hendrickson Mfg. Company, it is made of Enjay Butyl and 
replaces steel leaf springs. Utilizing the great strength and impact resistance 


of Enjay Butyl, the “load cushion” gives the ultimate in a soft, easy ride 
within the complete range of loading, from empty to full. Besides giving a 
smoother, steadier ride, it increases tire mileage, reduces weight and signifi- 
cantly reduces wear and tear on equipment. 

Enjay Butyl has proved to be the answer to problems in many fields of 
industry. It may well be able to cut costs and improve the performance 


of your product. Low-priced and immediately available, Enjay Butyl may 
be obtained in non-staining grades for white and light-colored applications. » U T y i 
Get all the facts by contacting the Enjay Company. Complete laboratory 

facilities and technical assistance are at your service. 


Enjay Butyl is the super-durable rubber 
Pioneer in Petrochemicals with outstanding resistance to aging 

abrasion « tear + chipping « cracking + 
ENJAY COMPANY, INC., 15 West 51st Street, New York 19,N.Y. ozone and corona + chemicals + gases 
Akron + Boston + Chicago + Los Angeles +» New Orleans + Tulsa * heat + cold + sunlight + moisture. 
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Here you see just a sample of the tough jobs 
tubeless tires are doing — in today’s mammoth 
construction projects. How did tubeless tires get 
into this picture—and so successfully, too? 


One of the biggest reasons is Goodyear’s devel- 
opment of rims to fit every type of vehicle, from 
the smallest truck to the largest earth-mover. 


Goodyear’s vast tire-building experience brings 
many benefits to rim construction. With 
Goodyear Rims, you profit by such advantages as: 


Unusual Strength: Thanks to an exclusive 
double-welding process, and added support at 
points of greatest stress, present-day Goodyear 
Rims are far stronger. 


Buy and 
Specify 


GooD, 


( (Ci Riis i 


Another Scoop for Goodyear Tubeless! Tractor 
shovel hard at work in Michigan sand pit. The 
tubeless tires are mounted on Goodyear Rims. 





Ease of Tire Mounting: No tube and flap troubles. 


Special Tools: Goodyear alone provides both 
hydraulic and hand tools especially made for 
off-the-road equipment. 


Bond-a-Coat Finish: This protective coating 
affords long-lasting resistance to rust and 
corrosion. 


Got aTruck Rim Problem? GOODYEAR will solve it. 


If you have a rim problem, why not talk it over with 
the G. R. E. (Goodyear Rim Engineer). He’ll save you 
time and money by helping you select the type and size 
of rim best suited to your needs. Write him at Goodyear, 
Metal Products Division, Akron 16, Ohio, or contact 
your local Goodyear Rim Distributor. 


EAR 








MORE TONS ARE CARRIED ON GOODYEAR RIMS THAN ON ANY OTHER KIND 
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No matter how many you need... 


P 





we offer fast delivery of O-rings! 





Parker can meet amy demand for O-rings. Factory stocks 
(millions of O-rings) are maintained in Chicago, Cleve- 
land and Los Angeles. warehouse stocks are 
available at more than 50 Parker O-ring distributors. 
You can get standard sizes of AN, MS, industrial spec- 
ifications, etc., right off the shelf. (And we have over 
296 standard O-ring sizes with many different standard 


Parker 


system components 


Large 


compounds.) Parker also has the production facilities 
to handle “specials” and volume requirements. 

From Parker you get exactly the right O-ring for 
your specific requirements. Our engineering service will 
help you with any designing problems. We invite you 
to prove by comparison tests how Parker O-rings seal 


better and last longer. 


RUBBER PRODUCTS DIVISION 
Section 522-W 


The Parker Appliance Co. 
17325 Euclid Ave., Cleveland 12, Ohio 


[] Please send O-ring Size Catalog No. 5701 
NAME 

COMPANY 

ADDRESS 


CITY STATE 
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World Records 


World Land Speed Record drivers Segrave, Campbell, Eyston and Cobb all relied on 
E.N.V. gears. Their records of success are tributes to the quality of E.N.V. products. 
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and World Markets 


E.N.V. are manufacturers of all classes of bevel and hypoid gearing, helical and spur 
gearing, final drives and transmission units. They invite enquiries from companies in the 
United States of America wishing to develop the manufacture and sale of engineering 
products in Britain, Europe and the British Commonwealth. 

Co-operation with E.N.V. brings the manufacturing resources of modern equipment 
comprised in two factories covering over a quarter of a million square feet, a capable and 
experienced labor force and the technical and general experience to gain access to new 


and expanding markets in many lands. 






B.N.V. ENGINEERING COMPANY LTD, HYTHE ROAD, WILLESDEN, LONDON, N.W.10, ENGLAND 
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When the Mammoth Matheson , 


farsi, folks live it uP— 


\ tf P 


in was room is 


bulky seating AND 
Aunt Min’s bonnet! 


But today it’s 
How Low 
Can You Go? 


As 





=Goon/ %y 


THE W/ORLOES FINEST, AAOST AIODERN CUSHIOMNG 
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Cross Section Compares ‘Old’ and 
“New’’ Seat Construction 


a Solid areas indicate space saved 
en ey 20 i oam by full-volume AIRFOAM seat-units. 





there’s new room 
for comfort and Sales! 










Airfoam—T.M. The Goodyear Tire & Rubber Company, Akron, Ohio 


TRADE TALK HAS IT that the trend to lower styling hasn’t hit 
bottom yet. 

THIS WILL HELP YOUR SALES—unless your manufacturer is still 
struggling with upholstering methods and materials simply not 
suited to comfort in minimum space. 


peg emt pares eee eines WHERE AIRFOAM IS RECOGNIZED as a completely new and dif- 





practical with AIRFoAM Greatest sales-aid in years 
ferent cushioning medium—where manufacturers work closely with 
AIRFOAM Development Engineers—room for comfort and SALES 
FA pag quickly follows. 
MAYBE YOUR MANUFACTURER is among those now making the 


best possible use of AIRFOAM. If you haven’t seen the results as yet 
—cheer up. They may already be on the way! Goodyear, Automotive 
Products Dept., Akron 16, Ohio. 
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WATCHING YOUR WEIGHT can be im- 
portant —especially in the aircraft industry. 
Excess weight can reduce the range and 
payload of a plane. A major aircraft man- 
ufacturer uses M Sonizon units to ultrasonic- 
ally measure thickness of sheet and formed 
shapes. This controls weight by eliminating 
excessive thickness. 





HEAT CRACKED THE JAW—The jaws of 
steel strapping machines must be reliable. 
Yet, following the heat treating, invisible 
cracks were discovered with Magnaglo as 
shown above. Immediate correction of the 
heat treat cycle eliminated the cracks. No 
further machine time or labor was expended 
on defective jaw parts, since none were 
made, and none scrapped!! 


ee ee ee | 


HALLMARK 

OF QUALITY IN 
NONDESTRUCTIVE 
TEST SYSTEMS 


coaevrormarion 





Write for complete details concerning any 
of the above case studies, or ask for ournew 
booklet on “Lower Manufacturing Costs.” 
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Case Studies: 


wonoesreucrive TESTING SYSTEMS 





Magnaglo and “black light” show up cracks as glowing 
indications on rough castings at a Peoria, Illinois foundry. 


How Nondestructive Testing Helps You 
Make Better Products... Cheaper 


Most manufacturers can achieve definite, 
worthwhile savings by using one of the 
M testing systems for improved produc- 
tion control. These nondestructive in- 
spection methods include: Magnaflux, for 
wet or dry magnetic particle inspection; 
Magnaglo, fluorescent particle inspection; 
Magnatest, eddy current electronic test- 
ing; Zyglo, fluorescent penetrant inspec- 
tion; Spotcheck, dye penetrant inspection; 
Sonizon, for ultrasonic measurements; 
and others. 


The M testing systems are equally effec- 
tive for preventative maintenance or 
manufacturing inspection. 


Most manufactured products contain one 
or more types of casting, forging weld- 


Magnetic indication 


of transverse crack 





ment, machined or formed part. Where 
cracks cannot be tolerated in the final 
product, maximum production economy 
must be obtained from the very outset. 
Defects must be discovered as early as 
possible in order to eliminate wasted 
effort in final processing or assembly. 


Magnaflux methods pinpoint early defects, 
and help you eliminate their cause. This 
results in savings of time, labor and addi- 
tional long range benefits from increased 
salvage and reduced amounts of scrap. 
For detailed information as to how one 
of the M inspection methods can help 
you produce better and save more,write or 
call for an interview with a Magnaflux 
engineer. No obligation, of course! 





HOW MAGNETIC FORCE DETECTS MECHANICAL DEFECTS 


M nondestructive testing is based upon simple 
magnetic principles. A part to be tested is first 
magnetized—then magnetic powders or fluores- 
cent particles in oil are applied. Surface defects 


cause a break in the magnetic field—local 
magnetic poles cause particles to be held on 
part to mark extent of defect. Above—a 
Magnaglo indication on truck connecting rods, 


Take Your Inspection Problems to the House of Answers 


MAGNAFLUX CORPORATION 


7348 West Lawrence Avenue 
Pittsburgh 36 * Cleveland 15 « 


New York 36 « 


° Chicago 31, Illinois 
Detroit 11 * Dallas 19 ©. Los Angeles 58 
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Let all these sealing engineers help 
you design-in oil seals 


Why “do it yourself?” Why chance the wrong National Oil Seal Engineering group. Field and 
seal? Why risk costly retooling or remanufacture factory, these men devote their entire lives to 
because an unforeseen condition rendered an oil seals. They have seen literally thousands of seal- 
seal helpless? ing problems through to a successful solution. 

The finest oil seal counsel anywhere is yours Let National’s three decades of sealing expe- 
for the asking. Just pick up the phone and call rience help you. Call now. 


the nearest National Oil Seal Engineering office. 
pone ; : Specify seals at the drawing-board stage—always! 
You’ll get complete, current information on new- / 


est seal developments, plus the help of the entire 


NATIONAL SEAL 


DIVISION, Federal - Mogul - Bower Bearings, Inc. 
GENERAL OFFICES: Redwood City, California 
PLANTS: Van Wert, Ohio and Redwood City, California 








CuHIcaGo, ILL. ... Room 462, McCormick Building, HArrison 7-5163 INDIANAPOLIS, INDIANA .. 2802 North Delaware St., WAlmut 8-1535 

CLEVELAND, OHIO 210 Heights Rockefeller Bldg., YEllowstone 2-2720 MILWAUKEE, WIS. .... 64° West Virginia Street, BRoadway 1-8234 

DeTroiT, MICH. ........ 13836 Puritan Avenue, VErmont 6-1909 Newark, N. J. .... ... 1180 Raymond Blvd., Mitchell 2-7586 
Downey (Los Angeles Co.) Catir. . . . 11684 Patton Rd., TOpaz 2-8163 
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Two 
METALS 
are often better than one... 


and 


GENERAL PLATE Clad metals 
for electronic uses are a case in point 





















Consider General Plate ALIRON®, ALNIFER®, and 
NIFER®, all preferred materials for vacuum tube plates. 
Offering improved performance with attractive cost savings, 
these General Plate Clad Metals are supplied in annealed 
coils ready to feed through your production tools. They form 
beautifully, conserving critical materials and producing 
more parts per pound. ALIRON and ALNIFER require 
no carbonizing — the matte finished aluminum blackens 
evenly during bombardment to provide a highly efficient 
radiating surface. For full details, write for Technical 
Data Bulletin 717C. 


Or consider General Plate TIN CLAD NICKEL. Here’s 
an improved material for transistor cradle supports. 

The layer of pure tin is unvarying in thickness and is 
bonded to a pure electronic grade nickel backing so 
completely that voids and contaminating inclusions are 
eliminated. This means perfect wetting during your 
transistor soldering operations — top transistor performance 
every time — lower soldering costs too! For full details, 
write for Technical Data Bulletin 708. 


Or look to General Plate COPPER CORED 52 ALLOY 
WIRE for better glass-to-metal seals. With a 30% copper 
core you'll get up to three times the electrical and thermal 
conductivity over solid lead wires of the same size — or you 
can cut your solid lead wire sizes correspondingly, without 
reducing electrical ratings by using General Plate Copper 
Cored 52 Alloy Wire, and take a big step toward miniatur- 
ization in sealed terminal blocks and hermetic headers. 
For full details, write for Technical Data Bulletin 706. 


To get the whole General Plate Clad Metal Story, write 
for our new general catalog, PR-700A, covering many 
other combinations in both base and precious clad metals 
— composite electrical contacts — TRUFLEX 
Thermostat Metals. 


Metals & Controls 
aa, | Corporation 





using General Plate | GENERAL PLATE DIVISION 


110] FOREST STREET, ATTLEBORO, MASS. 
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Pride in Action 


by Norman G. Shidle 


An old Chinese proverb we thought up just the other 
day runs like this: 


“Do something you are proud of—and you won’t have 
to try so hard to be proud of what you do.” 


This means thinking and deciding before we act... 
thus reducing time spent afterwards trying to rational- 
ize what we already have done. 


To act with conviction is the only sure path to satis- 
faction. So conviction must be present before we act. 
And the conviction has to be within ourselves. 


However wide our communication with others on the 
way to the conviction, the final “feeling” has to be our 
own, uncommunicable to anyone else. Without that 
personal, inner conviction, we get satisfaction from 
what we do only by chance. 


Satisfactions are sparse when we act only with our 
heads ... or only with our hearts. They are even 
sparser, when we act on our emotions... or when we 
make decisions by averaging conflicting opinions and 
data. The one condition that never really exists is the 
average condition. The one man who never lived is the 
average man. 


Emerson once said that if a tiny straw were held in 
the right direction, the great Gulf Stream could flow 
through it. 


Self respect, self-integration, and self-decision are es- 
sential elements to satisfaction with one’s own actions. 
The effort needed to attain them is likely to be less when 
the “tiny straw” has been pointed in advance. Subse- 
quent rationalizing tends to be both painful and profit- 
less. 


SAE JOURNAL, JANUARY, 1957 13 









simple shifting 









1 proper use of all 
available gear ratios 





2 easier handling rigs; 
better maneuverability 





3 reduced driver fatigue; 
safer operation. 


EATON 
Eaton 2-Speed Axles not only let drivers select LSbced Iie 


from TWICE the conventional number of gear fn xX i ie - 











ratios, but they make these ratios available at 





finger touch. Result: drivers use the right gear 





ratio for every road and load condition; engines 








operate in their most economical speed range; 






stress and wear are reduced on all power- 





transmitting parts. Trucks cost less to operate and 









maintain; last thousands of miles longer; and Mere than Twe Millen 


Eaton Axles in Trucks Today. 





bring higher allowances at trade-in time. 


eee AXLE DIVISION 
MANUFACTURING COMPANY 
CLEVELAND, OHIO 


@ PRODUCTS: Engine Valves” Tappets” Hydraulic Valve Lifters’ Valve Seat Inserts® Jet Engine Parts* Hydraulic Pumps 
Motor Truck Axles © Permanent Mold Gray Iron Castings ° Forgings ° Heater-Defroster Units * Automotive Air Conditioning 
Fastening Devices” Cold Drawn Steel® Stampings” Gears* Leaf and Coil Springs* Dynamatic Drives, Brakes, Dynamometers 
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SURE, POWER STEERING 


OUR POWER-STEERED 
RIGS STAY ON SCHEDULE 


MAKES THE JOB EAS/ER. 
BUT /T’S THE ADDED SAFETY 
THAT COUNTS MOST. 


BETTER, TOO. 


EITHER WAY, 


POWER STEERING MAKES 
GOOD BUSINESS SENSE. 


THE CASE FOR POWER STEERING ON TRUCKS! 


The trend to power steering on trucks 
is based on one very practical reason 
—operators of trucks equipped with 
power steering have invariably found 
that the added safety and greater 
operating efficiency of their vehicles 
have demonstrated that power steer- 
ing is indeed a sound investment. 

Truck drivers using power steering 
report less tension and fatigue in 
normal driving and appreciate the 
positive control that blocks road shock 
from chuck holes and prevents loss of 
control if the truck is forced out on a 
soft shoulder. 


The dispatcher knows the impor- 
tance of regularly maintained sched- 
ules. He is quite aware that with 
power steering drivers are more 
relaxed and are better drivers than 
tired drivers. Thus, power steering 
not only reduces the cal of road 
accidents, but helps the driver to 
maintain established schedules through 
better vehicle control. 

In short, power steering, by saving 
time and money, contributes materi- 
ally to a more profitable operation. 

Truck manufacturers are always 
eager to offer their customers features 


Bendix "cs South Bend wo. 


that will make truck operation safer 
and more profitable and, at the same 
time, give their dealers every selling 
advantage. 

That’s why more and more truck 
manufacturers are offering perform- 
ance-proven Bendix* Power Steering 
as original factory equipment. 

If you would like to know why 
power steering for trucks is perhaps 
even more logical than power steering 
for passenger cars, we Nes prepared 
an interesting folder on the subject. 

Write for your copy today. We think 


ye yu’ be convi nced. *REG. U.S. PAT. OFF, 





New York I[7, N.Y. 


Higher-Level 


Multi-Purpose 
Oils 


at the 
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EFINITE progress is being made toward a higher- 
level, multi-purpose gear lubricant to meet the 
increasing conflicting requirements of passenger 
cars and trucks (both civilian and military). Army 
Ordnance wants the military specification to con- 
form to what is available in the civilian market—to 
simplify its supply problem. To that end it has 
made available recent tests on both passenger cars 
and military trucks from its efforts to establish the 
current requirements for military use. 

Automobile and truck engineers, concurrently, 
have been working with petroleum engineers to es- 
tablish new laboratory tests which will define the 
more severe levels of operation ... and this work 
has proceeded rather well. 
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on the Horizon 


Start of 1957 
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HIS article is based on two recent 

statements on this vital-to-all-auto- 
motive-engineers topics by Chrysler’s 
C. M. Heinen and R. E. Streets of the 
Department of the Army. 


Both talked at the SAE National 
Fuels & Lubrieants Meeting in Tulsa 
last October. 


Heinen, who is also chairman of 
SAE’s Fuels & Lubricants Technical 
Committee, titled his paper, “New 
Developments in Gear Lubricants.” 
Streets’ paper was “Performance 
Testing of Gear Lubricants in Mili- 
tary Equipment.” Streets included 
in his paper specific data and conclu- 
sions resulting from full-scale field 
and laboratory tests carried out by 
the Ordnance Corps for several 
years. 


Each paper is available in full in 
multilith form from SAE Special 
Publications. Price: 35¢ each paper 
to members; 60¢ each paper to non- 
members. 
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The major existing problem is to define quantita- 
tively the present and future requirements ... to 
set the severity levels; then to find the oils needed 
by way of newly modified test techniques. 

Current multi-purpose gear oils, civilian and mili- 
tary interests concur, do not have enough chemical 
activity to supply the necessary chemical films un- 
der all the new peak torque conditions. (Higher 
engine loads, slightly higher car weights, and low 
bodies with resultant static gear sizes all combine 
to increase gear loads which may result in scoring. 
Only the trend toward lower rear axle ratios helps 
to alleviate this problem.) 

Introduction of additives to increase the oil’s abil- 
ity to prevent scoring has, in some instances, made 


7 








them less capable of operating under high tempera- 
tures without producing corrosion or excessive de- 
posits. 

All of the criteria for successful lubricant per- 
formance, in other words, must be faced and incor- 
porated in the sought-for new higher level multi- 
purpose gear oil. These criteria include ability to: 


@® Reduce failure of gear-tooth surface by scoring, 
ridging, or excessive wear; 

@ Reduce corrosion and pitting fatigue of gears due 
to excessive activity; 

@ Reduce bearing failures due to formation of ex- 
cessive deposits and high-temperature conditions; 
and 

@ Maintain thermal and oxidation stability. 


Everybody agrees such a higher-level, multi-pur- 
pose gear oil is needed. But there is little agree- 
ment on the specifications which such an oil should 
have. To some extent, of course, everybody is guess- 
ing. And current guesses range all the way from 
present multi-purpose oils to those which would 
meet the most difficult operating conditions which 
might be devised. 

Trying to come closer to specific definitions, the 
problem falls logically into three phases: 


1. To determine, in some absolute terms, what level 
of performance the present tests are defining; 
2. To establish several ranges of test severity which 
would describe all existing oils and allow a range 
for oil improvements; and 
To find out where in the range of test severity 
an oil must fall to meet present requirements. 


Progress is being made on each of these three 
steps. The work is partly a combination of the in- 
dividual efforts of vehicle, petroleum and military 
engineers ... and partly their joint efforts in co- 
operative attacks on the problem. 

One step in this progress is realization that the 
L-19 and L-20 tests leave something to be desired 
in the way of reproducibility ... and in improving 
the L-20 condition by closer control of the test gears. 

Improved reproducibility is being sought in L-19 
by closer attention to a variety of causes which tend 
to reduce accuracy. 

Strain of age measurements will make available 
the first quantitative information on severity of the 
L-19 test. (Similar measurements are being made 


on the L-20. But there the problem is less difficult, 
since no change in loading is called for during the 
operation.) 

The previously mentioned test results contributed 
by the Army Ordnance group have shown reasonably 
good correlation with a proposed L-37 test .. . upon 
which agreement has nearly been reached by the 
vehicle and petroleum engineers concerned. 

Vehicle manufacturers are engaged in extensive 
tests looking to establishment of a severity level for 
present and future requirements for high-speed, 
shock-load resistance. This would seem to be pre- 
requisite to definition of oils to meet present and 
future requirements .. . both in this respect and 
also for truck operation. 

Where the new severity level will be established 
is anybody’s guess as 1957 begins. Some think it 
might be around 12, the level of active sulfur. 
Others, who have phosphate-treated their gears, 
think a level of around 8 may be adequate. In any 
case, this future satisfactory multi-purpose oil is 
going to have a level considerably higher than the 
existing 5-6. 

Before these considerably higher level oils can 
actually be made available at retail, several market- 
ing problems must be met, even after all the tech- 
nical problems are pretty well solved. 

If the new high-level lubricant had excessive 
sulfur activity, for example, it would not be satis- 
factory for truck operation. Yet many trucks come 
for lubrication to the same stations which service 
passenger cars. So, those stations would have to 
carry two lubricants. That would mean higher 
costs. 

Moreover, it could mean additional confusion. 
Already fear of confusion at the retail service level 
has caused manufacturers representing 70% of pas- 
senger car production to ask that “no change” be 
made from the factory fill... and they have re- 
moved the drain-plug to reinforce the “suggestion.” 

There are, in general, however, several favorable 
aspects to the gear-oil situation as it appears at the 
beginning of 1957. While the requirements for gear 
lubricants have increased, test procedures for es- 
tablishing the new level are proceeding satisfac- 
torily. ...A new level for multi-purpose gear oil 
is needed to prevent confusion in the civilian mar- 
ket and to meet the needs of the military ... but 
suitable oils are available. 


Bolt Trouble? 


w If you are having trouble with a bolted joint due to loosening, thread strip- 


ping, or failure by fatigue: 


Ee 
2 


150,000 psi.) 


Preload the bolt by tightening the nut to yield strength of the bolt. 
Use SAE grade 8 nuts and bolts. 


(Heat treated to Rc 32-38 min. T.S.= 


3. Use SAE UNC Class 2A and Class 2B Thread. 


4. If possible use higher strength abutments. 


If not, use large, thick, heat 


treated fiat washers to increase its effective stiffness. 
5. If the abutment is not too thin and it is not a gasket joint, throw away 


the lock washers. 


—E. J. Eckert 
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Nonspinning Differential 


Gives Increased Traction 


Forest McFarland and E. L. Nash 





Studebaker-Packard Corp 
Based on paper “The Packard Nonspinning Differential” presented before SAE Colorado and Salt Lake 
City Groups, May, 1956. 
are splined to the respective rear-axle shafts. Some 


ESIGN of the Packard nonspinning differential 
(Fig. 1) is aimed chiefly at reducing the traction 
and directional stability deficiencies of the standard 
differential. Its construction gives a locking action 
which provides better traction under difficult driv- 
ing conditions. Hence, a car with a nonspinning 
differential no longer depends upon each wheel 
having the traction necessary to enable the other 
wheel to drive the car. 

With this nonspinning differential the maximum 
torque available on one wheel can be up to five times 
that of the other wheel due to its traction, unlike 
standard differentials which have torque on one 
wheel almost equal to torque due to traction of the 
other wheel. With this increased torque bias driv- 
ing can be made easier where conditions are con- 
sidered hazardous. 

The nonspinning differential differs from the 
standard ones in the following points: 


1. The side bevel gears carry encompassing cones 
which fit into internal cones in the differential case. 
These cones take the axial thrust of the side gears 
which is ordinarily taken by thrust washers behind 
the gears. The loading on the cones, together with 
the normal thrust of the gears, will tend to lock 
the side gears to the differential case, preventing in- 
dividual spinning of either wheel. 


2. Both pairs of pinions are carried on individual 
shafts bearing flats at 30-deg to plane of rotation of 
the differential which match the 30-deg cams cut 
in the differential case. Each pinion has a cylindri- 
cal shoulder just above the teeth at the large end of 
the pinion. This shoulder contacts the flat, circular 
face of the clutch cone of the side gears. 


3. The drive is transmitted from the engine by the 
propeller shaft to the rear-axle driving pinion and 
ring gear, and thence to the differential case. The 
drive is then transmitted by the 30-deg flats on the 
differential case against the mating flats on the pin- 
ion shafts. This results in the driving force being 
applied by the four pinions to both side gears which 


* Now with Buick Motor Division, GMC 
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pressure is applied against the cones by the pinion 
teeth operating at a 2214-deg pressure angle. The 
main pressure is obtained from the pins wedging 
against the differential case flats. This causes the 
round diameter integral with the pinions to bear 
against the flat surfaces of the gear cones. These 
flats are 180-deg apart for one shaft and likewise 
for the other shaft, which is 90-deg from the first 
shaft. One shaft operates against one side-gear 
cone and the other shaft against the other side-gear 
cone. The pins are notched to avoid interference 
with each other and to permit individual movement 
of the shafts under load. 

(For complete paper in multilith form on which 
this abridgment is based, write SAE Special Publi- 
cations, 485 Lexington Ave., New York 17, N. Y. 
Price: 35¢ to members, 60¢ to nonmembers.) 


BOTH way att } ' 
MOVE UP ara 
UNDER LOAD Sion 


CLUTCH RINGS ENGAGED ~ 
BOTH SIDES 


Fig. 1—General design of Packard Twin Traction unit. It is built to in- 
crease traction, thereby providing greater torque bias than in standard 
differential. 
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Door Opens to 


75 |b Aluminum 


Successful development of a 43-lb, 6-cyl engine 
block as a one-piece aluminum die casting leads 
the way. . . . Before long: a 70 lb, V-8 block. 


UCCESSFUL development of a 43 lb, 6-cyl engine 

block as a one-piece die casting opens the door 
on large aluminum die castings for the automotive 
industry. The previous limit of 20 lb maximum 
weight has been overcome by development of a die- 
casting machine capable of handling aluminum 
die-castings up to 75 lb... and the price differential 
between aluminum and cast-iron is more than com- 
pensated by application of modern die-casting which 
converts molten aluminum into a highly finished 
casting in one operation. 


First Die-Cast 6-cyl Engine Block 


This 43 lb, 6-cyl engine block (which started out 
to be a 4-cyl, 28 lb block) was designed to be pro- 
duced as a biggest-to-date aluminum die casting 
at the same time the new biggest-to-date die-cast- 
ing machine was being designed to handle it. The 
concurrent designs were undertaken in 1951 as a 
joint project between the Willow Run automotive 
plant of Kaiser Aluminum & Chemical Corp. and 
the Doehler-Jarvis Division, National Lead Co. 

Both companies participated in design of the en- 
gine block; Doehler-Jarvis engineers did the job on 
the die-casting die. 

To accomplish a block design suitable for die 
casting, three requirements had to be met in which 
die castings differ from sand castings: 

1. No undercuts: (Fig. 1) All parts of a die-cast- 
ing die are made from steel to withstand the impact 
of the injected metal. Sand cores cannot be used 
and other destructable materials which withstand 
the impact of the injected metal have not yet been 
found. Loose pieces to build undercuts are possible 
but must be ruled out as uneconomical. On the left 
side of the housing is shown a typical undercut and 
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a loose piece arrangement. On the right side is 
shown how to overcome them. 

2. Avoid heavy sections and walls: Heavy sections 
do not solidify as fast as thin sections. When metal 
shrinks while it solidifies, the thin sections draw 
metal from the heavier sections which are still 
molten. Since risers cannot be applied on die cast- 
ings, shrinks appear in heavy sections as shown in 
Fig. 2. 

3. Design all holes to be cored: Not only to save 
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Fig. 1—Undercuts . . . and methods to overcome them in die casting. 
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Die Castings 


Alfred F. Bauer, Doehler-Jarvis D 


Based on paper ‘‘Six-Cylin 


Section Meeting, April, 1956 


machining cost and simplify equipment, but to pro- 
duce as sound a casting as possible. 

The 43 lb this 6-cyl engine block weighed as finally 
produced (Fig. 3) is about 130 lb lighter than gray 
iron. It contains 129 holes, all of which are cored. 
Thus, drilling operations are eliminated. Machining 
stock varies between 0.030 and 0.060 in. The wall 
thickness is most uniform and 5/32 in. thinner than 
in gray iron. 

The three basic changes made to adapt the block 





shrink holes appear. 


Fig. 2—Typical heavy sectinos where 
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r Engine Block in Aluminum Die Casting” presented at SAE Detroit 


to die casting are explained in Fig. 4. 

THE WET SLEEVE ARRANGEMENT, necessary to 
form the pockets for water cooling, was the first. 
The six wet sleeves are pressed into the bores of the 
aluminum cylinder block and sealed with O-rings 
against the cooling water. 

RELOCATION OF THE CAMSHAFT from the side 
of the engine block to the top of the cylinder head 
was the second basic change. With the camshaft 
at the side, it would have been difficult to core all 
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Fig. 3—6-cyl engine block in aluminum die casting. Weight 43 |b. 
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Fig. 4—Isometric drawing of Kaiser-Frazer engine block showing die- 
cast design with wet sleeves and camshaft in the cylinder head. 


the holes in the seven walls of the camshaft bear- 
ings. This change brought much simplification in 
design, but resulted in some objections to the some- 
what noisy chain drive and other complications. 
DEEP POCKETS IN BOTH SIDES OF THE 
BLOCK, never before shown on a gray iron casting, 
comprise the third basic change. These pockets are 
actually metal-savers to eliminate heavy metal sec- 
tions behind the main bearing (Fig. 5). Long oil 
holes for the main bearing connect these pockets 


Fig. 5—Cross sections through engine block show elimination of heavy 
walls behind main bearings. 
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with the oil channel which is cast as an open chan- 
nel and closed and sealed by a cover. 

The surface of these die-cast engine blocks is of 
unusual smoothness. Mis-match or shift is smaller 
than in any other casting method and often only a 
few thousands of one inch. For general dimen- 
sions the tolerances are held within + 0.001 for each 
inch of length. Closer tolerances may be obtained 
by agreement with the die caster. (Reference is 
made to the Product Standards for die castings re- 
cently published by the American Die Casting In- 
stitute.) 

All engine blocks produced in test runs were made 
from S-12-A with 12% silicon. This alloy was chosen 
as best suited in physical properties and in sound- 
ness. Other aluminum alloys such as SC84A and 
SC114A may also be used for engine blocks. Many 
of these engine blocks have been checked carefully 
and show a structure of unusual soundness. Leak 
tests revealed that most of the blocks tested were 
sound and leak proof as cast. The remaining parts 
had minor leaks which were sealed mostly mechani- 
cally. For large scale.production the application of 
a simple impregnation method may be advisable. 


The Engine Block Die 


The die-casting die for these engine blocks pre- 
sented almost as many problems as the die-casting 
machine. 

With a total weight of 30 tons and a width of 84 
in. across the parting line it is, of course, by far the 
heaviest and largest die-casting die ever built. It 
cost $150,000 and took 12 months to build. Contrary 
to past practice, the impression of the die is built 
from numerous small sections of die steel, cut and 
fit advantageously as shown in Fig. 6. 

This was done because: 


@ The quality of small thoroughly forged blocks is 
better and more uniform than that of large ones; 


@ When the die starts to wear, small sections can be 
replaced; 


@ Changes on the die casting can easily be accom- 
plished by correcting or replacing small segments 
rather than large expensive blocks; 


@ This construction eliminates the fear that the 
whole die might crack in two pieces and compel 
months of waiting before the huge piece is re- 
paired. 


Fig. 7 shows the cover die with‘a weight of 8 tons 
mounted into the die-casting machine. The molten 
metal is introduced through the cover die into the 
gate. Because of the tremendous size of this die 
the conventional heating of dies with torches from 
the outside was not sufficient. The die, therefore, 
shows an internal heating system through which 
the die is heated on outside sections while the inside 
sections are water cooled. 

Fig. 8 shows the ejector half with all four core 
pulls in an opened position. The ejector half con- 
tains most of the cavity of the engine block. The 
four sides are built by four large side cores and 
locked in position with a total of 4,000,000 lb. The 
increase of the hydraulic pressure from 1200 to 3500 
psi helped much to create the necessary locking 
pressure for these large core pulls. 

On dies as large as this one, temperature control 
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of each part of the die is of prime importance to 
insure proper functioning of the moving parts of 
the die and to get uniformity of quality and dimen- 
sions. So, thermocouples and temperature controls 
are built into the cover die and the ejector die... 
also into the four main cores. 

The gate through which the metal is forced into 
the die was carefully computed with formulas and 
figures based on many years of scientific research. 


Advantages of Die-Cast Blocks 


The biggest savings in comparison with gray iron 
blocks are possible through the inherent character- 
istics of the die-casting process to produce a highly 
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Fig. 6—Cross sections 
through cover die of en- 
gine block show numer- 
ous small sections of die 
steel, cut and fit advan- 
tageously to form the 
cavity. 
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finished casting in one single operation. Other ad- 
vantages which aluminum die castings have to offer 
are: 


1.—THINNER WALLS—It is an old habit to sug- 
gest an increase in wall thickness when a part is 
converted from iron to aluminum. Such an increase 
is definitely not justified in any conversion from 
gray iron to aluminum because the mechanical 
properties of gray iron are not higher than those of 
aluminum die-casting alloys. Fig. 9 shows the 


higher tensile strength and elongation of aluminum 
alloys in comparison with gray iron. 

In addition, the walls of gray iron engine blocks 
are not designed for strength, but for the most eco- 
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Fig. 7—Cover die of engine block in die-casting machine weighs 8 tons. 
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Fig. 8—Ejector die of engine block with side cores in open position. 


23 





nomical wall thickness of 0.200—0.250 in. In alumi- 
num die casting we are taking full advantage of this 
and decrease the walls as far down as 0.100 in. where 
lower stresses allow this. 

2.—NO CORE SHIFT ALLOWANCES—Gray iron 
with its sand molds has to take into account a cer- 
tain misalignment and shift of cores. This allow- 
ance in walls and bosses is not necessary in die cast- 
ing and can be subtracted from the walls, adding 
substantially to the weight savings. 

3.—LESS MACHINING STOCK—The high accu- 
racy and smoothness of aluminum die castings per- 
mit many areas to be cast without machining stock 
at all. Where finishing operations are necessary 
such as on sealing areas or in bearings, the machin- 
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Fig. 9—Analyses and properties of some aluminum die-casting alloys in 
comparison with gray iron. 


CAST SCB4A SCII4A GBA SI2A SGIOOA 
IRON 8Si IISi 8Mg 125i 105i 
4{u 4Cu 5Mg 


THERMAL CONDUCTIVITY 


Fig. 10—Thermal conductivity of gray iron and aluminum alloys. 
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ing stock of die castings can be held much smaller 
than in gray iron; 0.030-0.050 in. is mostly sufficient. 

4—LIGHTER WEIGHT—The combination of 
thinner walls, no core-shift, and less machining 
stock greatly decreases the weight and may result 
in a 1 to 4 weight advantage of an unmachined 
aluminum die-cast engine block over an unma- 
chined iron block. While aluminum is only 2% 
times lighter than gray iron, a properly designed 
engine block in aluminum die casting may weigh 
only 4% as much as a raw gray iron block. The sav- 
ing might run from 130 to 150 lb. This reduction in 
cast weight brings the cost of a die-cast aluminum 
cylinder block well within the competitive price of 
a raw gray iron block. 

Furthermore, even though the automotive indus- 
try does not want to pay a premium for light weight 
it is a fact that the automotive engineer has to find 
weight savings to counteract the overweight caused 
by the addition of such new accessories as power 
steering, power window, air conditioning, etc. He 
will, therefore, appreciate the saving of 130-150 lb 
by the conversion of an engine block from gray iron 
to aluminum die casting. 

5.—LOWER MACHINING COSTS—An_ engine 
block can be designed so that all holes are cored and 
drilling operations completely eliminated. Other 
areas may be cast to size and so smooth that finish- 
ing operations can be held to a minimum. Where 
finishing is necessary it can easily be accomplished 
by one cut at high speed because the tools have to 
take off only 0.030-0.040 in. machine stock. In gray 
iron, however, at least two cuts are necessary to 
machine the heavy stock of % in..and to take off 
the hard crust. 

6—MORE HORSEPOWER, HIGHER  EFFI- 
CIENCY—tThe thermal conductivity of the alumi- 
num alloys is on the average about three times that 
of gray iron as Fig. 10 shows. This higher thermal 
conductivity of aluminum results in a much faster 
heat flow and better cooling effect especially when 
we consider that the cylinder head also is of alumi- 
num. 

7—NO COOLING RESTRICTIONS—With the wet 
sleeve arrangement and the accuracy and smooth- 
ness of aluminum die castings, the water channels 
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Fig. 11—V-8 engine block designed for aluminum die casting with wet 
sleeves in gray iron. 
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in a die cast engine block can be maintained abso- 
lutely uniform even if decreased to % in. width. 

Many engines leaving the production lines have 
a low efficiency because of mislocated shifted sand 
cores, steam pockets or sand pockets. The accuracy 
and smoothness of the water cooling channels there- 
fore must be valued as one of the biggest advantages 
of the die cast engine with wet sleeves. 

8.—EASE OF HANDLING—The lighter blocks are 
easier to handle, to store and transport. The chips 
are light and clean, the operators and machines 
stay clean all day long, and there are few chips to 
be removed. 


A V-8 Engine Block Soon 


Work on a V-8 engine block is far enough ad- 
vanced to predict that a design suitable for alumi- 
num die casting will soon be available. 

One of the possible solutions to a die-cast V-8 en- 
gine block is shown in Fig. 11. The big undercut in 
the center of the V-section has been eliminated by 
designing the camshaft bearings together with the 
valve lifter bearings as a separate die casting. The 
long oil holes through the block—usually on each 
side of the camshaft—which could not have been 
die cast, have been omitted and all undercuts elimi- 
nated. The main oil supply is accomplished through 
the channel built by the space between block and 
the separate die casting for the camshaft bearing. 


Sleeve Arrangements 


For the V-8 block we have chosen a different wet 
sleeve arrangement than that of the 6-cyl block. 
Centrifugally cast iron liners are brazed into a deck 
plate. The whole assembly is finish-bored and 
honed to size and then installed in the block. This 
can be done with little effort since the lower ends 
of the four sleeves on each side have a clearance fit 
with the bores. One synthetic rubber seal ring of 
square shape is used instead of two expensive 
O-rings shown in previous designs. This wet sleeve 
arrangement follows very much a design of the 
Perfect Circle Corp. with whom we have close con- 
tact in the wet liner design. 

In our endeavor to decrease the overall costs for 
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MAGNESIUM READY 
FOR AIR-COOLED BLOCKS 


In a complete paper from which this 
abridgment was made, the author 
points out that magnesium die castings 
(already as far developed as alumi- 
num) would be ideal for engine blocks 
of air-cooled engines. Magnesium’s ex- 
tremely low specific weight (60% 
lighter than aluminum) and its excel- 
lent physical properties make it per- 
fectly adaptable for engine parts which 
do not come into contact with water. 


Its relatively low resistance to cor- 
rosion would create quite a problem 
were an attempt made to use it for wa- 
ter-cooled engine blocks. 


With either magnesium or alumi- 
num, he says, a properly designed air 
cooling system works just as well as 
water cooling for engines. It’s the low 
conductivity of gray iron that doesn’t 
permit air cooling. 


A number of European cars are al- 
ready using air-cooled, light-metal en- 
gines. Among them are the Porsche 
and the Volkswagen. Volkswagen uses 
some 30 lb of magnesium in its design. 


UUUUEEULEEEOUEUEUONTODEEEOAUOEO UDO POPOEEEELEUDEENU CUTOUT EEE 


COUPE EENNN NOTE 


nn 


CUUOPADELEOUAN AAD EDEEEE ETE PDEREEEEUCUTEEER ECU 


wn 


TT 


COUUOUOUDODAEENEEENAEOOENGEE mw UCUUETUCEOCTAT UOC eee 





Right side: 
Left side: extruded aluminum sleeve 


Fig. 13—All-aluminum V-8 engine without gray-iron liner. 


Fig. 12—V-8 engine design with gray-iron sleeves cast-in as inserts (2 
versions) . liner is integral part with blocks. 


is cast-in as insert. 
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these liners, we have studied quite carefully the pos- 
sibility of casting the sleeves in as inserts. 

Two different versions of cast-in gray-iron sleeves 
in a V-8 engine are shown in Fig. 12. The sleeve on 
the right side is completely surrounded with alumi- 
num following the design of the 2-cyl engine block 
of the outboard motor. On the left side only the 
lower portion of the sleeve is cast-in. There is a 
possibility of a leak in the mechanical bond, there- 
fore, the design on the right is the preferable one. 
A disadvantage of both designs is that the sealing 
area between explosion chamber and water channel 
is relatively small. 

The insertion of eight sleeves into the hot die- 
casting die every time before a shot is made will 
slow down the production and might result in other 
serious problems. It is, therefore, not likely that 
cast-in sleeves will be more economical than set-in 
Sleeves. However, such a solution is technically pos- 
sible and might be accomplished without too much 
delay in cycle time by the use of an automatic load- 
ing mechanism. 


Without Iron Sleeves 


Two versions of an all aluminum V-8 engine block 
(with gray-iron sleeves eliminated entirely) are 
shown in Fig. 13. The right side shows an engine 
block with the cylinder walls cast as an integral 
part of the block. From a die-cast standpoint this 
is possible, but such a design will add to the com- 
plexity of the castings. The biggest problem of 
this design will be to produce a perfect metal struc- 
ture without porosity in the bores when the taper is 
removed in the final machining operations. 

The left side shows an all aluminum design with 
extruded aluminum sleeves, bored and honed and 
chrome plated prior to assembly. The sleeves are 
pressed into an aluminum deck plate while their 
lower ends have a clearance fit with the bores. Two 
conventional O-rings in the sleeves provide a proper 
seal and allow the sleeve to expand freely without 
creating inner stresses or distortion of the block. 


The principle of the free floating sleeve with two 
O-rings can, of course, be adapted to gray iron 
sleeves also. 

With the cylinder walls in aluminum, the bore 
has to be hard-chrome plated to insure better wear 
conditions. 

Chromium has a great resistance to sulfuric acid 
formed during combustion. Moreover the chrome 
deposit is hard and has an extraordinarily low co- 
efficient of friction. Since the lubricant remains in 
the finely cracked surface it is most wear resistant 
and, therefore, just about the most ideal material 
for this purpose. 

The only problem of excellent adhesion seems to 
be close to a practical solution. The German light 
metal engine of Porsche is already using chrome- 
plated aluminum cylinders with excellent success. 
The plating process, however, is still relatively ex- 
pensive. The development and introduction of such 
a chrome plating process on a high quality level 
and at economical costs would no doubt be a big 
impetus for all light metal engines. 

The final design of a V-8 engine block in alumi- 
num die casting may weigh between 50 and 70 lb. 
as noted, the die casting machine to handle blocks 
up to 75 lb. With all this work far advanced and the 
basic die cast problems solved, we believe that it will 
be easier for us to die cast a commercial 8-cylinder 
V-type block than the 6-cylinder block. Its length 
is appreciably shorter than the 6-cylinder block. 
The casting is more compact, better to fill and to 
eject. All heavy walls have been eliminated. Dou- 
ble walls connecting the crankshaft bearing with 
the side walls of the cylinder are making the die 
cast block extremely strong and well suited for an 
expected increase of the compression ratio. 

It is, of course, only fair to mention that our work 
on the die cast V-8 engine block is still in the de- 
signing stage. 

(Complete paper in multilith form is available 
from SAE Special Publications Department, 485 
Lexington Ave., New York 17, N. Y. Price: 35¢ to 
members; 60¢ to nonmembers.) 


A Manufacturing Sequence Plan... 


... iS a prerequisite to a coordinated tool schedule which can help to bring engineering 


and manufacturing closer together. 


COORDINATED tool schedule can help to bring 

Engineering and Manufacturing closer together. 
But a manufacturing sequence plan is a prerequisite 
to a coordinated tool schedule. 

FIRST, management must tell Tool Control the 
desired completion date. THEN, engineering must 
give the configuration of the product. AND, Tool 
Planning must assist with the type and quality of 
tools. FINALLY, Production must help with the 
establishment of manufacturing flow time. 

Armed with this information, Tool Control can 
place on a chart its manufacturing sequence plan 

. prior to the design of the article. Then, the 
tool schedule can be aligned to the manufacturing 
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plan. 

From the combination of manufacturing sequence 
and tooling sequence charts, the material procure- 
ment groups and the engineering departments can 
be furnished with required schedule dates to co- 
ordinate engineering materials and tooling with 
production. 


(Complete secretary’s report of panel on “Tool 
Control” at SAE Aeronautic Meeting and Production 
Forum, Oct. 11, 1955, is available in full together 
with 14 other panel sessions from SAE Special Pub- 
lications, 485 Lexington Ave., New York 17, N. Y. 
Price: $2.00 to members; $4.00 to nonmembers.) 
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HE DC-8—a large, long-range jet transport—re- 

tains its speed and cost advantages at both mod- 
erate and short ranges—if passenger traffic is high 
enough—thanks to such improvements as: 

1. Lower fuel consumption. 

2. Ability to fly more efficiently at altitudes other 
than the optimum. 


on 3. Ability to fly more efficiently at nonstandard 
ambient temperature. 


4. More satisfactory performance after engine 
failure. 


Fuel Economy 
a Nn g e Fuel consumption—heretofore the primary prob- 
‘ 


lem with jet engines—has been greatly improved in 

the DC-8. This lower specific fuel consumption is 

also better maintained at the lower speeds and alti- 

tudes at which planes hold over a weathered-in 
on airport. 

Improved fuel consumption results in more eco- 
nomical operation. It also helps to reduce holdover 
fuel requirements. 

Fig. 1 shows that the DC-8 has a 38% lower sfc 
than a 1947 jet transport study airplane. 

Sg Fig. 2 shows that the effect of altitude on sfc is 
much less for the DC-8 than for the 1947 jet engine. 
Similarly, Fig. 3 shows that the increase in sfc of 
the DC-8 as the thrust is reduced is much less than 
for the earlier engine. 

Despite these advances, the quantity of holding 
fuel required per hour is still large. On the DC-8 
with Pratt & Whitney J-75 engines, 9000 lb per hr is 
needed to hold at 15,000-ft altitude. The piston-en- 
gine-powered DC-6B requires only 1420 lb per hr for 
holding at 10,000 ft. 

Translated into reserve fuel requirements, we find 

Oo r that the reserve fuel is 5.7% of the maximum take- 
off weight for the DC-8 and 3.6% for the DC-6B. 
Although the jet requirement is larger, the differ--: 
ence is only 2% of the take-off weight. When 
viewed in terms of the total lifting ability of the 


jet transport, it is just another design requiremient. 
or eo r It is true, nonetheless, that extended holding re- 
quirements will have more severe effects on the 


jet- than on the reciprocating-engine airplane. The 
jet can carry sufficient reserve for all normal re- 
quirements, but improved landing aids may be 
needed to avoid increased diversion to alternate 


Ranges == 


Effect of Varying Cruising Altitude 


When the DC-8 is used for short-range operation, 
and fuel is not critical, it has great flexibility with 
OO regard to cruising altitude. Contrary to early con- 
cepts it does not have to dash up to 40,000 ft. It 
may be scheduled at any altitude between 20,000 
and 40,000 ft, according to the dictates of wind, 
weather, and the requirements of airways traffic 

control without having any great effect on: 

‘ 1. Block speed. 
Richard S. Shevell 2. Direct operating costs. 

Dicsiit diate 3 Block Speed—The effect of altitude on block speed 
eS ee is relatively minor, as shown in Fig. 4. This graph 
a shows the block speed effects at ranges of 200-1000 
Based on paper ‘Versatile Jet Transport” pre- yavtical miles as well as at maximum range. The 
sented at the SAE National Aeronautic Meeting, Gyrves are based on cruising at the drag divergence 


New York, April, 1956. This paper will be pub- 
lished in full in SAE Transactions Mach number (the Mach number above which 
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FUEL CONSUMPTION 
1.00 


1947 JET 


Fig. 1—Comparison of relative cruising specific fuel consumption 
for 1947 jet study airplane and DC-8. 
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Fig. 2—Effect of altitude on specific fuel consumption for 1947 
jet and DC-8. 
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Fig. 3—Effect of reducing cruising thrust on specific fuel con- 
sumption. 


wasteful increases in drag due to compressibility 
are incurred) except for the dashed curve, which 
represents long-range operation at each altitude. 
The block speeds are improved at the lower altitudes 
with high-speed operation. At altitudes below 
20,000 ft the cruising speed is restricted by the struc- 
tural placard speed, and the block speed is reduced. 
The long-range-operation curve shows the speed 
loss suffered if maximum range must be attained at 
the lower altitudes. 

Direct Operating Costs—In Fig. 5 altitude is 
shown to have a relatively small effect on direct 
operating costs. These costs (calculated from the 
1955 ATA cost equations) are based on a domestic 
first-class interior. The increased block speeds at 
lower altitudes tend to counteract the additional 
fuel cost that comes with the increased fuel con- 
sumption of lower-altitude operation. The shorter 
the range, the less the increase in cost resulting 
from reducing the cruising altitude. At 400 nauti- 
cal miles range, the cost is increased only 7% by 
flying at 20,000 ft instead of 35,000 ft, while speeds 
are increased 2%. At ranges close to maximum, 
altitude affects operating cost to a larger extent. 
But even when the altitude is reduced from the op- 
timum to 30,000 ft, the effect on cost is only 5% with 
high-speed operation. This assumes, of course, that 
full payload can be carried at all altitudes. If the 
payload must be reduced to fly the range at the re- 
duced altitude, then the effects on costs are very 
large. An additional penalty of about 2% is in- 
curred even if full payload is carried when long- 
range operation must be used at the low altitudes. 


Effect of Nonstandard Ambient Temperature 


The DC-8 with the J-75 engine is not thrust-lim- 
ited but flies under standard temperature conditions 
with considerably less than the maximum cruising 
thrust. Therefore, although the maximum cruising 
thrust is reduced on a hot day, there is still sufficient 
thrust to fly at the same desirable Mach number up 
to between 20 and 30 deg about the standard atmos- 
pheric temperature. For the long-range case with 
variable altitude, the airplane would fly at the same 


=== LONG RANGE 


—-— eee 


BLOCK SPEED (KNOTS) 
Fig. 4—Effect of altitude on block speed for DC-8. 
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angle of attack, Mach number, and altitude as on a 
standard day. The speed is increased when the air- 
plane flies at the same Mach number with a higher 
air temperature. An increase in specific range—or 
miles per pound of fuel—might, therefore, be ex- A 
pected. It turns out, however, that this increase is 
generally canceled by an increase in sfc, so that the 
range is not significantly affected by ambient tem- Word 
perature in a non-thrust-limited airplane. The 

effects are the same when cruising at constant alti- f 
tude on a hot day with the non-thrust-limited air- 0 
plane. 

If the jet is thrust-limited on a standard day, as is 
the Pratt & Whitney J-57-powered DC-8, there will 
be a hot-day speed and altitude reduction and an 
associated loss in specific range along the optimum 
long-range flight path. At constant altitude the 
thrust-limited airplane will usually fly at a reduced 








Caution 


N discussing the short-range possibilities of the 
long-range Douglas DC-8, the author, in his 
complete paper, issues the following word of 


speed on a hot day and with an increased specific 
range. The latter occurs because, in general, the 
standard day cruising procedure will have been at a 
speed well above the best-range speed. The thrust 
limitation imposed by increased temperature moves 
the airplane flight attitude toward the long-range 
condition for that altitude, that is, a lower equiva- 
lent airspeed and a higher angle of attack closer to 
the optimum lift-drag attitude. 

Fig. 6 (which illustrates only the long-range con- 
dition) shows that increased ambient temperature 
has a small favorable effect on the DC-8 with J-75 
engines. The range with temperatures 20 deg above 
standard is increased 142% while the speed increases 
24%.%. The DC-8 with J-57 engines suffers a 414% 
range loss and a 2% speed loss under these condi- 
tions. The DC-6B lies in an intermediate position, 
having a range loss of 14% and a speed loss of 1%. 
The long-range versions of the DC-8, being equipped 
with J-75’s, are less sensitive to temperature than 
reciprocating-engine aircraft. 

These temperature characteristics may have an 
important influence on operating costs when the 
average cruising air temperatures are above stand- 
ard. With temperatures 20 deg above standard, the 
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Fig. 5—Effect of altitude on direct operating cost for DC-8. 
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caution: 


“It is not intended to suggest that the DC-8 
is the ideal short-range airplane. It has been 
designed with a gross weight and take-off 
ability to carry fuel for the intercontinental 
routes in the overwater version and transcon- 
tinental nonstop operation in the domestic 
version... . 


“If we were to concentrate on a short-range 
airplane powered by jet engines, the operating 
costs could be improved even further in an 
airplane of the DC-8 size. A smaller jet 
transport designed specifically for short routes 
could have operating costs approaching those 
of the DC-8. 


“The gains in operating costs accruing from 
designing for a particular range will tend to 
balance the higher costs inherent in smaller 
airplanes.” 
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Fig. 6—Effect of ambient temperature on long-range cruising. 
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Fig. 7—Effect of partial engine operation on specific range. (For 
the DC-6B an average cruising weight has been used at 10,000-ft 
altitude for 3-engine operation and 5000-ft for 2-engine operation. ) 








J-75 airplane shows a speed gain of 242%, compared 
to a 2% speed loss for the J-57-equipped plane. 
This is a relative speed gain of 442%. The operating 
costs are nearly inversely proportional to cruising 
speed, so that the difference between the cost per 
mile of the J-75-powered DC-8 and the one with 
J-57’s is substantially reduced with cruising air tem- 
peratures above standard. 


Partial Engine Operation 


The DC-8 is actually superior to the DC-6B at 
partial engine operation. Fig. 7 shows that with 
three engines operating, the J-75-powered DC-8, the 
J-57-powered DC-8, and the DC-6B show about the 
same specific range decrease. With two engines op- 
erating, the DC-8 with the J-75 loses only 19%, the 
DC-8 with the smaller J-57 loses 34%, whereas the 
DC-6B loses 43%. (The DC-6B shows such a large 
loss because 2-engine operation requires autorich 
powers, even at the low cruising altitude assumed.) 

(For complete paper on which this abridgment is 
based, write SAE Special Publications Department, 
485 Lexington Ave., New York 17, N. Y. Price: 35¢ 
to members, 60¢ to nonmembers.) 


A Variable-Geometry Inlet... 


... has been developed for the B-58, first U. S. supersonic bomber, to compensate for 
wide differences in inlet flow characteristics between subsonic and supersonic flight. 


sed on paper by Charles G. Martin, Jr. Convair Division, General Dynamics Corp. 


RELIMINARY design studies of the main engine 

inlets of the Convair B-58 indicated that for 
overall airplane efficiency the supersonic bomber 
would require a multiple-shock type of inlet whose 
dimensions could be varied automatically to suit 
flight conditions. 

Use of the multiple-shock inlet (instead of the 
conventional inlet with normal shock recovery) 
insures low inlet drag with high pressure recovery 
at supersonic speeds. 

Use of a movable shape in the inlet to permit 


he 
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FIXED GEOMETRY VARIABLE VARIABLE SURFACE POSITION 


@ DETERMINATION OF OPTIMUM 
VARIABLE GEOMETRY POSITION 


* DETERMINATION OF FIXED 
GEOMETRY PART OF INLET 


Fig. 1—Simplified version of graphs used in selection of fixed and 
variable inlet elements. 


variation of its geometry makes it possible to have 
high overall propulsion efficiency at subsonic as 
well as supersonic flight speeds. 

In designing the inlet, the fixed-geometry parts 
were first selected. The graph at the left in Fig. 
1 gives an idea of how the thrust and drag factors 
varied with changes in configuration of the fixed 
geometry items (like lip slopes, lip thickness, and 
angles of the bodies producing the shock system). 

Curves such as this were made for many specific 
flight conditions. Then the most promising con- 
figurations were tested in the wind tunnel. 

Curves similar to the graph at the right in Fig. 
1 indicate the variation in inlet performance with 
different positions of the variable-geometry surface. 
From such data promising configurations were se- 
lected for wind tunnel testing and determination 
of the final choice. 

Once the geometry of the inlet was decided, an 
automatic control was developed to sense the air- 
plane operating conditions and position the mov- 
able inlet element accordingly. 

(Paper includes sections on many other engine 
installation problems such as nacelle arrangement, 
accessory drive location, and inlet icing. Titled 
“Supersonic Bomber Propulsion Problems,” it was 
presented at SAE National Aeronautic Meeting, New 
York, April, 1956. Complete paper is available in 
full in multilith form from SAE Special Publica- 
tions, 485 Lexington Ave., New York 17, N. Y. Price: 
35¢ to members; 60¢ to nonmembers.) 
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by HUGH HARVEY, Shell Oil Co. 


Mr. Harvey recently visited aircraft plants in England, 
France, and Germany and wrote this report at the in- 
vitation of the SAE Overseas Information Committee. 


Bristol Aeroplane Company's latest Britannia series, 
420, will use the Bristol BE 25, Orion, supercharged 
turboprop engine. When it is built, this airplane will 
have 25% more range or more payload than the 300 series 
planes. True airspeed will be about 415 mph. The Orion's 
fuel consumption is said to be 0.385 lb/ehp-hr. So far, 
Bristol has built only four Orion engines with about 600 
hr accumulated on the test bench. Northeast Airlines has 
ordered 5 Britannias for delivery in October and Novem- 
ber 1957. 


BRISTOL 
HAS NEW 
BRITANNIA 


Bristol's 4000 lb thrust turbojet, the Orpheus, weighs 
only 800 lb. Its weight-to-power ratio is only 0.2. It 
was conceived in 1954 and flew in the Folland Gnat in 
1955. It is not an expendable engine and is designed to 
have the same life as jet fighter engines. 


ORPHEUS 
TURBOJET 


The Rolls-Royce plant at Derby, England, has many 
skilled craftsmen, yet they are not wasted on manual 
operations when machines can do the work. Rolls has many 
automatic machines, some of which are from the United 
States. They are apt to be torn down and rebuilt in 
order to decrease the permissible tolerances. Every part 
manufactured is carefully inspected to eliminate errors. 


ROLLS-ROYCE 
MAINTAINS 
PRECISION 


In some Rolls designs compressor blades are fixed 
loosely to the spool, thus giving them a certain amount 
of play. Both the Conway and RA 29 engines have air- 
cooled blades which increase turbine efficiency. The 
thrust of the Conway is between 14,000 and 16,000 lb at 
take-off. 


LOOSE 
COMPRESSOR 
BLADES 


This feature is an activity of the SAE OVERSEAS INFORMATION COMMITTEE, C.G.A. Rosen, chairman 
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SAE LOOKS OVERSEAS 


VICKERS IS 
SELLING NEW 
VISCOUNTS 


FRANCE’S 
OUEST 
BEGINS 
PRODUCTION 
OF VAUTOUR 


OUEST’S 
TRIDENT IS 
GOING INTO 
PRODUCTION 


LUFTHANSA 
REBIRTH 


EUROPE 
STRESSES 
HUMAN 
RESOURCES 


Vickers has received firm orders for 356 Viscount turbo- 
prop transports of which more than 140 have been de- 
livered. Twenty-four of the new model 800 have been or- 
dered by B.E.A. Aer Lingus, KLM, New Zealand National 
Airways, and Transair have also ordered 800's. The oval 
doors of the 700 series have been replaced by rectangu- 
lar doors in the 800's, permitting easier freight load- 
ing. The cabin will be 9 ft 3 in. longer. Normal maximum 
take-off weight will be increased by 2000 lb to 62,000 
lb. The engine will be the Rolls-Royce Dart 510 that is 
used on most Viscount 700's. 


Ouest is beginning production of the Vautour, an all- 
weather fighter-bomber. This airplane uses two Armstrong 
Siddeley Sapphire engines. The French claim it has 60% 
greater climbing power than the F-86 Sabre. It is de- 
signed so that by incorporating different nose sections 
during manufacture it can be turned out in various ver- 
sions. One version, it is stated, can carry an atom bomb 
1000 miles. 


The 9050 Trident, probably one of the most advanced 
fighters in the world, is now being manufactured. It is 
a rectangular mid-wing, single-place fighter, powered by 
two French=-built Babizo turbojets or two Armstrong 
Siddeley Viper engines on the wing tips and two or three 
rockets in the tail. 

These rockets are powered by nitric acid and alcohol and 
are controllable. The French believe nitric acid is 
safer and more readily available than hydrogen peroxide. 
The Trident II can be operated from small, unpaved 
fields. It will probably evolve into a pilotless air- 
craft with armament. At present it carries air-to-air 
missiles under its fuselage. 


The rebirth of Lufthansa in Germany is nothing short of 
miraculous. It is due primarily to the planning that has 
been under way since 1948 and the cooperation of Euro- 
pean and American airlines who placed at the new com- 
pany's disposal the experience they had acquired. 


Throughout Europe industrialists believe that well- 
trained technical personnel are their most important 
natural resource. Rolls-Royce, for example, has a very 
comprehensive apprentice training program which has de- 
veloped workmen who take great pride in their work. 
Bristol has a comparable program which trains appren- 
tices from ages 16 to 27, including university gradu- 
ates. The company may also send a qualified boy to col- 
lege to complete his education. 

continued on page 114 
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Higher-octane fuels 


and new design get... 


More 


Power 


from 


Marine Engines 


R. R. Normandin, cise: con. 


Based on paper “What’s Happening to Modern Gasoline Marine Engines” presented at a meeting of 


SAE Metropolitan Section 


ORE power from any given size engine—that’s 
what the public is demanding from today’s gaso- 
line-marine-engine builder... The engine builder, in 
turn, is answering these demands by building an en- 
gine which requires higher-octane fuels and which 
is specifically designed to obtain more power per 
cubic inch. 


Higher-Octane Fuels 


The desire for more power in marine engines has 
been partially satisfied by increasing compression 
ratios to between seven and eight to one. As a re- 
sult, fuel octane requirements have increased. For- 
merly, volume-produced marine engines would op- 
erate satisfactorily on 60 to 65-octane fuel but to- 
day’s requirements are for fuels which have a Motor 
octane number rating of 75 to 80, with some engines 
having even higher requirements. 

Whether these fuels are of the leaded or non- 
leaded type is of little consequence provided they 
have the required motor octane number. Miscon- 
ception, habit, or misinformation has caused a por- 
tion of the boating public to feel that a marine 
engine shouldn’t be run on anything but marine 
white gasoline. This fallacy probably originated ' 
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New York, May, 1956 


some thirty years ago when thermal cracked stock 
and tetraethyllead were first introduced into gaso- 
line blends. 

The early thermal cracked stocks were relatively 
unstable because they contained unsaturated hy- 
drocarbons and lacked stabilizing compounds, such 
as oxidation inhibitors, which were not in common 
use at that time. When these fuels were used in 
boats which had large fuel tanks and were subject 
to long periods of storage, gum was invariably 
formed. This was especially true of boats equipped 
with copper fuel tanks which were fairly common 
at that time because of the material’s resistance to 
corrosion and its ease of fabrication. 

The gum formed by the reaction of the unstable 
fuel, oxygen from the air, and the catalytic effect of 
the tank material was invariably colored by the dye 
used to indicate the presence of tetraethyllead. 
Thus it appears that the boating public associated 
the formation of gum with the presence of tetra- 
ethyllead rather than with the actual cause, the use 
of unsaturated thermal cracked stocks in the gaso- 
line blends. 

Modern gasolines have undergone a gradual evo- 
lution which involved improvements in refining and 
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the addition of various inhibitors or additives, so 
that today’s gasolines have sufficient stability to 
satisfy all normal uses. These changes in fuels, 
plus the gradual elimination of copper tanks, have 
resulted in automotive gasolines becoming entirely 
satisfactory for marine consumption. 

The use of modern automotive fuels, with their 
higher anti-knock ratings, makes it possible to take 
more power from a given size engine by permitting 
greater spark advance, resulting in better operating 
economy and improved acceleration. The automo- 
tive type fuels also afford some degree of assurance 
that detonation will not occur. Detonation, when 
it does occur in a marine engine, is usually more 
injurious than in most other applications because 
it is encountered in the normal high speed operat- 
ing range where it can be both continuous and un- 
detected because of masking noises. 


Changes in Design 


A number of design changes, aimed at obtaining 
more power per cubic inch, are taking place in 
marine engines. The most common of these is the 
shifting of the power peak to higher operating 
speeds by opening up carburetors and manifolding, 
increasing valve size, and modifying cam contours 
or overlap. 

All of these changes increase volumetric ineffi- 
ciency at the higher speeds resulting in greater 
power, but at the same time they usually spoil the 
idle characteristics which are of foremost impor- 
tance to some users. 

Opening up the intake manifold has a negative 
effect on low speed performance because the veloci- 
ties through the manifolds are not sufficiently high 
at low speeds to keep the fuel in suspension. The 
fix for this is to apply heat to the intake manifold, 
and the source of heat can either be jacket water or 


Ramjet Testing... 


.. under simulated flight conditions advanced by Air Force's new test facilities. 
also serve future turbojet engines. 


O furnish the additional air supply and exhaust 

capacity needed for testing future ramjet and tur- 
bojet engines, a Ram Jet Addition (RJA) has been 
provided for the Engine Test Facility (ETF) at the 
Arnold Engineering Development Center (AEDC) 
at Tullahoma, Tennessee. 

The RJA is composed of three air compressors, 
three 800 F heaters, two test chambers with individ- 
ual control rooms, two exhausters, and the neces- 
sary ducting, valves and control systems for distri- 
bution to and from ETF, PWT (Propulsion Wind 
Tunnel) and GDF (Gas Dynamics Facility.) 

The two low and one high stage compressors are 
started with 2500 hp synchronous motors. There 
are two direct-fired, continuous flow, air to air 
heaters and one intermittent duty heater. The two 
test chambers are water-cooled with overhead 
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exhaust gas. Most current marine engines utilize 
water heat on the manifolds because it is easier to 
apply and control. Water heat is ideally suited for 
the purpose because it either remains constant at 
a temperature which is satisfactory for all operat- 
ing conditions or it fluctuates in inverse proportion 
to the engine load. That is, as the load increases, 
the manifold temperature decreases giving the hot- 
test manifold at an idle speed or a cooler manifold 
at the higher loads, exactly as desired. 

When the intake manifold is the last component 
in the cooling system, it is always at a fairly con- 
stant temperature regardless of load, if the engine 
is thermostatically controlled. This temperature is 
usually in the range of 135 to 160 F which is warm 
enough to give a satisfactory idle but which is not 
hot enough to cause more than a 1 or 2% power loss 
at the higher speeds. 

Putting the manifold at the start of the water cir- 
cuit results in a warm manifold at idle speeds be- 
cause a large portion of the water is bypassed from 
the thermostat back into the manifold. Then as 
the load is increased the temperature rise through 
the engine increases so that progressively less and 
less bypass water is recirculated through the mani- 
fold. Consequently, as the load increases the mani- 
fold temperature decreases resulting in a colder 
manifold at wide-open throttle, diminishing some- 
what the 1 or 2% power loss encountered when the 
manifold temperature is held constant. The mani- 
fold temperatures, however, are slightly colder at 
idle if the manifold is at the beginning rather than 
at the end of the circuit. 

(Paper on which this abridgment is based is avail- 
able in full in multilith form from SAE Special Pub- 
lications Department, 485 Lexington Ave., New York 
17, N.Y. Price: 35¢ to members; 60¢ to nonmem- 
bers.) 
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hatches for engine installation. J-1 test cell is 72 
ft long and 16 ft in diameter with a 40-foot hatch; 
J-2 test cell is 63 ft long and 20 ft in diameter with 
a 35-foot hatch. The exhauster machines are 
started with a 6000 hp wound rotor induction motor 
and operated with a 24,500 hp synchronous motor. 

ETF tests are still limited to ETF exhauster ca- 
pacity but may utilize RJA airside to increase avail- 
able cell pressure ratio. Combined operation for 
ETF-RJA will be controlled from the main control 
room in ETF. (Paper “Simulated Altitude Testing 
in the USAF Engine Test Facility” was presented at 
SAE National Aeronautic Meeting, Los Angeles, Oc- 
tober 1956. It is available in full, in multilith form, 
from SAE Special Publications Department, 485 Lex- 
ington Ave., New York 17, N. Y. Price: 35¢ to mem- 
bers; 60¢ to nonmembers.) 
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R satisfactory transport service, the turbojet en- 

gines developed for military use will require a 
number of adaptations to reduce noise, increase re- 
liability and safety. Some modifications under con- 
sideration are: 


1. Lower turbine inlet temperature. 
2. Noise suppressor. 

3. Thrust reverser. 

4. Inlet protector. 

5. Crash-fire-prevention system. 


Low-Temperature Engine 


Lower turbine inlet temperatures will reduce the 
noise and improve the reliability of the engine. Be- 
fore considering the possible magnitude of these 
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gains, it is desirable to consider the effects of the 
reduced temperature on engine performance. 

Engine Performance—Calculations show that a 
reduction in turbine inlet temperature from 1600 F 
to 1200 F results in: 


1. A slight increase in fuel consumption. 

2. An appreciable reduction in thrust, which may 
result in an increased engine size being required to 
produce the specified thrust. 


It is possible, however, that future engines can be 
designed to operate at these reduced temperatures 
and still oe no heavier than today’s higher-tem- 
perature engines. These future engines would use 
advanced design techniques such as high airflow 
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Fig. |—Low-temperature engine having 15,000-lb thrust at sea level and 60 F. 


compressors, and newer and lighter-weight materi- 
als. It would be possible, of course, to apply these 
advances in designs to improve the high-tempera- 
ture engine. A question in the philosophy to be ap- 
plied to the design of new engines is involved here. 
The present engines give fuel economy and weights 
that permit the design of economical transports. 
Shall we continue to apply improvements in the art 
of engine design to continued increase in perform- 
ance, reduction in weight, and improvement in fuel 
economy; or shall we divert some of these gains to 
the achievement of other desirable operational char- 
acteristics in the engine? We believe that some of 
the gains to be achieved in the future should be ap- 
plied to the reduction in noise and improvement in 
reliability of engines. 

To illustrate what might be done, we have an- 
alyzed a low-temperature engine with a compressor 
of advanced design. The engine is illustrated in 
Fig. 1. The engine thrust is 15,000 lb at sea level 
on a 60 F day; turbine inlet temperature is 1200 
F; and the compressor pressure ratio is 8. The ad- 
vanced compressor pumps 20% greater airflow per 
unit of frontal area than do compressors in common 
use today. This gain of 20% largely offsets the 
27% loss in air specific thrust that is incurred by 
going to the lower temperature. Improved stage de- 
sign in combination with reduced compression ratio 
reduces the number of compressor stages to 8. The 
accompanying reduction in compressor size results 
in a further reduction of engine weight. Other fea- 
tures of the engine are a conventional annular com- 
bustor and a 2-stage turbine. 

Conservative stresses have been assumed in the 
design. A steel compressor rotor and compressor 
case have been assumed. The estimated weight is 
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approximately the same as that of present-day en- 
gines. If newer materials, such as titanium are 
used, the low-temperature engine would be lighter 
than today’s engines. 

From the study given here, it appears that an ad- 
vanced engine having a turbine inlet temperature 
near 1200 F can be designed that will have a weight 
and size comparable to existing turbojet engines and 
whose fuel economy is not essentially different. 

One incidental but important characteristic of the 
low-temperature engine is the availability of extra 
thrust in special circumstances such as emergencies 
or hot-day take-off. This extra thrust can be 
achieved by overspeeding the engine, thereby pump- 
ing more air and increasing turbine inlet temper- 
ature. 

Noise—The principal source of noise from jet en- 
gines appears to be the jet itself. The noise is cre- 
ated outside of the engine by the mixing process 
between the high-velocity jet and the surrounding 
atmosphere. Experiment and theory indicate that 
the noise power generated varies as the eighth 
power of the jet velocity. Great reductions in noise 
can be achieved, therefore, by reducing jet velocity. 
Our low-temperature engine operating at 1200 F 
and a compressor ratio of 8 produces a jet velocity 
of 1557 fps as compared to 2134 fps for the high- 
pressure, high-temperature engine. Fig. 2 shows 
the relative noise levels which might be produced. 
The noise level is plotted as a function of the jet 
velocity in feet per second. The noise levels are 
given at 200 ft from a 4-engine jet plane producing 
a total thrust at take-off of 60,000 Ib. 

The high-pressure engine produces a noise level 
of 135 db and the low-temperature engine produces 
a noise level of 126 db—a reduction of 9 db. This is 
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a very welcome and worth-while reduction in noise 
level. 


Reliability—Failures of hot parts of the turbojet 
engine contribute in a large measure to the lack of 
engine reliability. Thus, it would appear that a sub- 
stantial improvement in the life and reliability of 
the engine would be achieved if the life of the hot 
parts could be improved. One of the biggest causes 
of difficulty, the nozzle diaphragm, is not a highly 
stressed part and that the damage appears to result 
primarily from warpage or thermal fatigue. Fig. 3 
shows the effect of temperature on the thermal fa- 
tigue of two samples of high-temperature materials. 
In the case of inconel, reducing the temperature 
from 1600 F to 1200 F improves the life from 170 
cycles to greater than 100,000 cycles. From this it 
is clear that reducing the temperature will greatly 
improve the thermal fatigue life of hot parts. Tem- 
perature has a somewhat similar effect upon other 
important properties of material. The fatigue- 
stress life and the stress-rupture life of materials 
are also tremendously improved by a reduction in 
temperature. Lowering the temperature will also 
make possible the selection of a wider class of ma- 
terials for use in engine construction. At the lower 
temperatures higher strength materials and ma- 
terials having other desirable properties become 
usable. 


Noise Suppressor 


The noise from jet engines can be reduced not 
only by reducing the jet velocity but also by modify- 
ing the mixing process between the jet and the sur- 
rounding atmosphere. One method for achieving 
the desired modification is through the selection of 
a proper shape of the nozzle. A large research effort 
is now being expended upon investigation of nozzle 
shapes and attachments to nozzles that will pro- 
vide a noise reduction. The most promising results 
so far have been obtained with a type of nozzle com- 
monly referred to as the Greatrex nozzle (Fig. 4). A 
nozzle of this type has been tested at the NACA. A 
reduction in total noise power corresponding to 6 db 
has been obtained with a small loss in thrust. The 
sound pressures in the direction of maximum noise 
has been reduced somewhat more—approximately 
9 decibels. Other research organizations have re- 
ported even greater noise reductions. Research is 
continuing and perhaps still further gains will be 
achieved. 

At the present time the performance of these noz- 
zles have not been completely evaluated with re- 
spect to thrust loss and base drag created by these 
nozzles. Nor has the effect of the nozzle installation 
upon the drag of the complete engine installation 
been evaluated. 

A nozzle such as shown in Fig. 4 could be applied 
to our low-temperature engine. The nozzle would 
then provide at least 6 db reduction in addition to 
the 9 db already accomplished. The total reduction 
(15 db) brings the noise level of the jet transport in 
line with that of large reciprocating-engine trans- 
ports. 

The lower-temperature exhaust gases from the 
low-temperature engine greatly relieves the design 
problem of complicated and stressed nozzles such as 
this noise suppressor. Particularly, the flat radial 
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Fig. 2—Effect of jet velocity on estimated noise levels at 200 ft from 
4-engine airplane at take-off. 
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Fig. 4—Noise suppressor. 
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REVERSED 


Fig. 6—Noise suppressor 
and thrust reverser adjusted 
for reverse operation. 


plates between jet and air passages are subject to 


bending and warpage. Also, cracking at the cor- 
ners might be caused by thermal stresses. 


Thrust Reverser 


The noise suppressor nozzle just described is 
readily adaptable to design modifications for thrust 
reversal. A thrust reverser must redirect the dis- 
charge gases from the engine so that there is a 
component of momentum in the forward direction. 
The reaction to this forward momentum appears as 
a reverse thrust. It is reasonable to expect a reverse 
thrust equal to approximately 50% of the normal 
engine thrust. 
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SWINGING DOORS, 
OPEN 


Fig. 5—Noise suppressor 
and thrust reverser adjusted 
for normal operation. 


SWINGING DOORS, 
CLOSED 


One suggestion for a combined noise suppressor and 
thrust reverser is shown in Fig. 5. Swinging doors 
are provided in the radial walls of the noise sup- 
pressor. These doors are normally positioned so 
that they are aligned with the walls and provide no 
obstruction to flow. When it is desired to obtain re- 
verse thrust, these doors are swung into a position 
(Fig. 6) so that they block the jet passage and pro- 
vide an opening into the air passage. The hot gases 
turn and flow backward through the air passage 
between the nozzle segments. The backward flow 
produces a component of reverse thrust. This par- 
ticular arrangement of thrust reverser has not been 
investigated experimentally. However, experience 
with other types of reversal devices has indicated 
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that with the passage areas shown in Fig. 6 good 
reversal of thrust may be achieved. 

The design of thrust reverser shown here is simply 
one idea that might be used. The design of thrust 
reversers seems to be mainly a matter of invention 
and many designs are possible. The use of a low- 
temperature engine again greatly improves the de- 
sign problem from the standpoint of warpage of 
parts and reverser weight. 


Inlet Protector 


At the present time it appears that the most ef- 
fective way to reduce foreign object damage is to 
place screens (Fig. 7) in the inlet to prevent objects 
from entering the engine. The first requirement of 
such a screen is its ability to remove objects of a 
size sufficient to cause damage. Experience has in- 
dicated that spacing successive elements or wires of 
the screen approximately 3/16 in. will remove the 
most damaging objects. The second requirement 
is that the screen have sufficient strength to with- 
stand the impact of objects which enter the inlet. 
Very little information exists that will permit ra- 
tional design from this point of view. Studies have 
been made with screen elements consisting of air- 
foil-shaped rods having a chord of 0.4 in. and a 
thickness of 0.094 in. These studies show that, at 
a Mach number in the air duct ahead of the screen 
of 0.3, this pressure loss is 144% of the total pres- 
sure. Such a loss will reduce the thrust by not 
more than 3%. 

In addition to the preceding requirements the 
screen must also have provisions for ice prevention 
or ice removal. Screens with spacing sufficiently 
close to provide adequate protection will ice with 
extreme rapidity. This icing can be of such an ex- 
tent that there will be serious danger to the aircraft 
unless the ice is removed. One suggestion for over- 
coming this danger is to use retractable screens. 
These screens can be extended to protect the engine 
during the take-off run, and shortly after take-off 
the screens can be retracted. However, the screen 
must be carefully designed; otherwise, movable 
parts might come loose and cause damage to the 
engine. Furthermore, the screens must have suffi- 
cient power to permit the actuation while ice has 
accumulated on the screen. 

A second suggestion for combating the ice prob- 
lem is to provide an alternate air inlet which by- 
passes the screen in icing conditions. This alter- 
nate inlet can be arranged to provide a degree of 
inertia separation, and thereby prevent some of the 
foreign objects from entering. When the screen 
ices up the air would be forced to go through the 
alternate air inlet. Such an alternate inlet would 
probably have some pressure loss. 

A third suggestion is to use electrical heat or hot 
gas to remove ice that might form on the screen. At 
the present time it appears that the electrical heat- 
ing provides the most practicable method, although 
a hot-gas de-icing system may be possible. 

The power requirement for cyclic electric de- 
icing is approximately 50 kw for a 15,000-lb-thrust 
engine. The electric power.might be supplied from 
a 50-kw alternator driven from the engine shaft. 
The weight of the electrical system, including al- 
ternator leads, switches, regulator controller, timer, 
and other hardware, will be approximately 160 lb. 
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In addition the screen itself weighs approximately 
60 lb, giving a total weight of 220 lb. This weight 
is approximately 5% of the engine weight. 


Crash-Fire-Prevention System 


A system for preventing the start of fires by the 
engines in case of a crash is an important feature 
of the jet transport engine. Fire prevention is ac- 
complished principally by using water sprays to cool 
hot metal parts of the engine below the ignition 
temperature of the fuel, and by using water sprays 
to inert combustible mixtures in spaces where such 
mixtures might accumulate. 

In the case of the low-temperature engine, the 
crash-fire problem is greatly reduced. The external 
shell temperatures of such engines will be very low 
compared to temperatures of military jet engines; 
principally because the jet temperature is reduced 
to less than 765 F at take-off. The low temperature 
inherently improves fire safety in that the cooling 
time, after the power is cut off, is reduced. Also, the 
water requirement for bringing the temperatures of 
hot engine parts down to a safe temperature is 
lower. 

A fire-protection system for the low-temperature 
engine described here*has been tentatively designed. 
Water sprays are provided for cooling the combustor 
liner, the transition liner, the turbine casing, and 
the turbine wheels. Water sprays in the tail cone 
are provided for inerting combustible gas mixtures. 
The weight of water required per engine is 54 lb 
and the estimated weight of the entire system in- 
cluding water, storage tank, plumbing, and nozzles 
is 114 lb. 

(Paper on which this abridgment is based is avail- 
able in full in multilith form from SAE Special Pub- 
lications Department, 485 Lexington Ave., New York 
17, N.Y. Price: 35¢ to members; 60¢ to nonmem- 
bers.) 


Fig. 7—Inlet screen. 
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Temperature datum valve senses turbine inlet temperature and com- 
pares it with that called for by setting of pilot’s control. Valve by- 
passes back to the fuel pump any fuel in excess of that needed to 
maintain turbine inlet temperature at desired value. 


Fig. 1—Fuel system includes, among other components, a fuel regulator 
and a temperature datum valve. The fuel regulator meters fuel on a 
volume basis in accordance with the demand curve typified in Fig. 2. 
Regulator is designed to supply a little more fuel than is actually needed. 
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EASON why engine manufacturers consider spe- 

cific gravity such an important characteristic of 

aircraft turbine engine fuels is that it affects the 
engine fuel control vitally. 

Consideration of the fuel control system of the 
Allison 501-D13 turboprop developed for airliner ap- 
plication shows why: 

The “fuel regulator” shown in Fig. 1.(in the lower 
half, just to the left of the center) regulates fuel 
volume flow on a predetermined schedule, like that 
shown in Fig. 2. 

The engine requirement is for a certain fuel heat 
content—that is, a particular number of Btu’s per 
unit time and therefore a particular mass flow of 
fuel of known heat content. But the fuel regulator 
works on a volume flow basis, rather than on a mass 
or weight flow basis. Therefore, if it meters fuels 
of different specific gravities at the same rate for a 
given condition, it delivers different weight and dif- 
ferent heat content per unit time. 


Datum Valve Allows Some Leeway 


To compensate for this variation, the fuel control 
includes a “temperature datum valve” (in the lower 
center of Fig. 1). It senses turbine inlet tempera- 
ture. During normal operation, the fuel regulator 
delivers fuel at a rate appropriate for a fuel at the 
light end of the specific gravity range. The datum 
valve bypasses back to the fuel pump any fuel in 
excess of that needed to maintain the turbine tem- 
perature called for by the setting of the cockpit 
controls. 

Although the datum valve provides some latitude 
in fuel density (or specific gravity), there are limits 
to the practical range of fuel specific gravities it 
allows. The datum valve, of course, has to compen- 
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sate also for tolerances in the engine and the con- 
trol and for variations in fuel density due to the 
range of fuel inlet temperatures. 

In view of these facts, Allison feels that a 40 to 
48 API gravity range is wide, but still acceptable for 
satisfactory engine operation. 

(Paper on which this abridgment is based is avail- 
able in full in multilith form from SAE Special Pub- 
lications Department, 485 Lexington Ave., New York 
17, N. Y. Price: 35¢ to members, 60¢ to nonmem- 
bers.) 
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Fig. 2—Typical fuel control schedule for turboprop. Fuel regulator 
meters fuel to engine according to this schedule. (Momentary high 
flow between 2000 and 3000 rpm is to insure good spray pattern at 
light-off.) 
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HAT are the challenging problems of the gas- 

turbine cycle? The young engineer can easily 
become quite enamored over the fantastic projects 
which our era presents to him; however, he must 
not lose sight of the fact that the great automotive 
industry has potentials equally as significant and 
pertinent. The role of the turbine is most inviting. 
There are many goals to be reached, and a few such 
as the following are of significance, regardless of 
their application in the five categories previously 
mentioned. 

There is the struggle for efficiency in component- 
design development. Textbooks on thermodynamics 
indicate the ideal against which all cycles are 
judged, namely the Carnot cycle. Here the Carnot 
efficiency is equal to the maximum absolute tem- 
perature of the cycle minus the absolute “sink tem- 
perature” of the cycle, divided by the maximum ab- 
solute temperature. In the Carnot cycle, part of the 
compression takes place under isothermal condi- 
tions and part under adiabatic conditions. Expan- 
sion also takes place initially under isothermal con- 
ditions and finally under adiabatic conditions. The 
constant-pressure gas-turbine cycle is called the 
Joule cycle. Here the air or other working fluid is 
first compressed adiabatically and then heated at 
constant pressure, after which it is re-expanded 
adiabatically to its original pressure. This is illus- 
trated in Fig. 1. The Joule cycle is less efficient than 
the Carnot cycle because not all of the heat is added 
at the maximum temperature of the cycle. Also, 
the Joule cycle rejects a portion of the heat at a 
temperature higher than the minimum temperature 
of the cycle thus causing deviations from the Carnot 
cycle. The efficiency of the Joule cycle is given by 
the expression: 


ny=1- (1) 


where: 
r= Pressure ratio of the cycle 
k = Ratio of specific heats of the working media 


From this it can be seen that the efficiency of the 
Joule cycle for a given heat-energy input varies as a 
factor one minus inversely a fraction involving pres- 
sure ratio. The higher the pressure ratio (which 
will invariably have higher temperatures), the 
closer the cycle efficiency will approach one. 

The overall efficiency of a simple gas-turbine unit 
operating on an optimum Joule cycle efficiency 
would be obtained with the highest possible pres- 
sure ratio. However, there are practical limits as to 
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the extent to which pressure ratio can be increased. 
If definite values are given for compressor efficiency, 
turbine efficiency, and maximum gas temperature, 
then a curve of overall thermal efficiency in relation 
to pressure ratio may be plotted from the expres- 


sion: 
a nn(R — 1) xfl—-— ene 
re 


ee 1 

This is only a close approximation, but represents 
a useful expression to evaluate trends as shown in 
Fig. 2 (from footnote 1). In this expression », is 
the overall efficiency. 1», is the turbine efficiency 
and », the compressor efficiency. R represents the 
ratio of positive to negative work in the ideal cycle 
or the ratio of T,,,, to the ideal adiabatic compres- 
sion temperature. The expression neglects a num- 
ber of factors such as, the effect of variable specific 
heat, the losses in ducting, the additional work de- 
rived from the mass flow of the fuel passing through 
the turbine in the form of combustion products, and 
the proportion of useful work ultimately regained 
in the turbine from the extra heat derived from in- 
efficient compression. The expression is based on 
the assumption of an ideal or reversible Joule cycle. 
When considering an actual process the picture 
changes considerably. 

The thermal efficiency of the real cycle may be 
stated as: ’ 

_W,-W, 


i =—— 


Q 


~ | 


(2) 


where: 
W, = Work done by the turbine, Btu per Ib 
W..= Work input to compressor, Btu per lb 
Q = Heat transfer to system, Btu per Ib 


By substituting values in terms of temperatures, 
efficiencies and pressure ratio, the equation becomes, 
for reference cycle notations, Fig. 1. 
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By assuming various values, such as T,,,, equal to 
1300 F, an ambient equal to 60 F, n, equal to 88% 
and », equal to 84%, and n, equal to a combustion 
efficiency of 95%, the intermediate curve in Fig. 2 is 
obtained. Here also it can be seen that for any 
given T,,,, there is a point beyond which no gain is 
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obtained in efficiency at higher pressure ratios. The 
curves also indicate the relationship of overall effi- 
ciencies to T,,,,;.- 


Influence of Component Efficiencies 


The gain in maximum specific power, in horse- 
power per pound of mass flow per second, is almost 
twice as much for 1500 deg T,,,, aS it is for 1100 deg 
Tmax This is of interest in evaluating the influence 
of component efficiency on power versus pressure 
ratio as in Fig. 3 (from footnote 2). Here an in- 
crease of overall efficiency of 2742% at 5/1 pressure 
ratio is responsible for an increase of almost 100% in 
bhp output. This curve illustrates the paramount 
importance of the efficiencies of the two components 
—the compressor and the turbine. The actual design 
of the compressor, whether it be radial flow or axial 
flow, is far too complicated a matter to be considered 
in a paper of this character. Its design is based 
partly on pure theory and partly on semimpirical 
rules and is determined from the observed results of 
numerous laboratory tests in wind tunnels. 

The character of a compressor may well be judged 
by a map as shown in Fig. 4 (from footnote 3). 
This performance chart is for a single-stage radial 
compressor with backward curved blading in a fully 
shrouded impeller. These curves are plotted on the 
basis of the so-called dimensionless equivalents of 
pressure, mass flow, and speed. The vertical axis is 
the pressure ratio. The horizontal axis represents 
mass flow in pounds per second and is the factor 
mass flow multiplied by the square root of tne inlet 
air temperature absolute, divided by the inlet pres- 
sure absolute. The speed curves are represented as: 


N 
— (3) 
V6 
where: 
N=rpm 
@=Inlet air temperature (absolute) 
The efficiency curves are: 


(4) 
The limiting line to the left of the family of curves 
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1“The Gas Turbine Manual,” by R. J. Welsh and Godfrey 
Waller. Pub. by Temple Press, London, 1951 and 1955. 

2 “Tyrbines for Vehicles,” by A. A. Kucher. Presented at 
the National Petroleum Association, Atlantic City, Septem- 
ber, 1955. 

3 SAE Quarterly Transactions, Vol. 6, October, 1952, pp. 
753-782: “Superchargers and Their Comparative Perform- 
ance,” by W. T. von der Nuell. 
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is called the surge line beyond which the compressor 
will not operate properly. It is usually necessary 
that the aerodynamic and mechanical features of a 
prototype compressor be modified considerably as a 
result of direct full-scale tests on the actual ma- 
chine itself. For this reason, the compressor in the 
gas-turbine assembly represents the costliest com- 
ponent to develop. Despite its complexity some 
rather astounding results have recently been 
achieved as reported by Boeing.‘ In a single-stage 
radial compressor, pressure ratios as high as 7/1 
were achieved experimentally. Of particular inter- 
est in this development is the vortex diffusor, a de- 
vice in which the velocity energy of the air leaving 
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Fig. 1—Simple gas turbine PV diagram. 
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Fig. 2—Overall thermal efficiency versus pressure ratio. 
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the impeller is converted to pressure energy in a 
nozzle-like arrangement working in reverse. In the 
case of a centrifugal compressor the function of the 
diffusor is very vital, since more than 50% of the 
comparison is done in the impeller, the remainder 
being performed in a diffusor system. In the Boeing 
vortex diffusor, supersonic velocities represented by 
Mach number 1.3 leave the impeller and are trans- 
formed in the diffusor to Mach numbers of 0.2. 
These tests indicate some stimulating possibilities in 
designing single-stage compressors of pressure ra- 
tios as high as 10/1, with tip speeds between 1800 
and 2000 fps and adiabatic efficiencies in the range 
of 75 to 85%. 

The component efficiency of the turbine is playing 
a leading role in the task of gas-turbine design. It 
carries the most highly stressed elements due to ef- 
fects of high temperature and high-rotative speeds. 
Its temperature limitations are usually the criteria 
which determine the maximum gas temperature of 
the cycle and, therefore, its efficiency as a compo- 
nent is of great importance. The turbine can be 
either of the axial-flow type with alternate rows of 
fixed and movable blades for multistages, or in the 
case of smaller units of the centripetal type de- 
signed as a radial-inward-flow turbine. 


High-Temperature Materials 


Because of the limitation placed by the hot wheel 
or turbine wheel on the maximum temperature to 
which the unit can be subjected, the material enter- 
ing its construction is of major significance. The 
material must carry high stresses continuously at 
high temperature and without creep. Provision must 
be made to permit thermal expansion to take place 
freely in every direction. All parts operating at high 
temperature should be made as small as possible to 
reduce internal thermal stresses. Wherever pos- 


*“Development of Centrifugal Compressor for Small 
Gas-Turbine Engine,” by N. R. Balling and V. W. Van 
Ornum. Presented at ASME Gas Turbine Power Confer- 
ence, Washington, April, 1956. 
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sible, stressed parts should be cooled or protected 
from the highest gas temperatures, and the highest 
gas temperatures should occur under maximum 
stress condition only at full load. It is necessary to 
consider not only the stress which the material can 
carry but the length of time over which it can safely 
carry it or the “time stress” to “fatigue fracture.” 
The influence of time on creep strain is clearly re- 
vealed in Fig. 5 (redrawn from Fig. 10 of footnote 
1). The nature of these typical .creepcurves of 
high-temperature alloys with time show that the 
creep strain has a primary period, a secondary creep 
period, and a rapidly rising creep strain leading to 
fracture as a tertiary creep. The problem of choos- 
ing materials which are relatively insensitive to 
thermal shock grows more critical as the operating 
temperature range is widened. 

In a gas turbine, the gross power output, that is, 
the power produced by the turbine wheel itself, will 
be proportional to the weight of air used per unit 
time multiplied by the temperature drop. Fig. 6 
(from “Some Elements of Gas-Turbine Perform- 
ance,” by S. D. Heron, SAE Meeting, March, 1956) 
indicates a major reason for the present limitations 
upon the operating temperatures of gas turbines. 
It also reveals the wide differences in the stress- 
carrying capacity of various materials in relation to 
the temperature prevailing over a 1000-hr period. 

To those interested in pursuing the theories sup- 
porting the fluid mechanics of turbomachinery, one 
is directed to the outstanding text on this subject by 
George F. Wislicenus. The present state of theories 
does not permit the exact determination of config- 
urations such as entrance shapes of inducers or dif- 
fusor contours, but by the additional application of 
geometric similitude based on experimental evi- 
dence, a more direct route to development satisfac- 
tion is achieved. ‘ 

The full utilization of higher T,,,,, temperatures in 
gas turbines requires the development of new high- 
temperature, high-strength alloys, low in creep 
fatigue and resistant to thermal shock at both high 
and low temperatures. The combination of all these 
virtues usually results in excessively high-cost criti- 
cal materials. To compete with the piston engine, 
materials as well as manufacturing cost of the gas 
turbine present difficult hurdles to mount. Some of 
the present aircraft alloys known as austenitic high- 
temperature-forging and -casting alloys cost as much 
as $4 per lb. For automotive practices the maxi- 
mum allowable cost should be below $1 per lb as ap- 
plied to the most expensive material entering its 
manufacture. Achievements in this direction have 
been approached by several automotive manufac- 
turers.’ These may very well point to the day when 
the expected goal of a complete automotive gas tur- 
bine will cost less than present-day piston engines 
in high production. 


Manufacturing Costs 


Fabrication facilities have been intensely devel- 
oped and bid fair to permit high-volume production 
in the not-too-distant future. Just two years ago 
the forging of a specific hot turbine wheel for an 
automotive unit cost almost $200 after inspection 
and testing. Today, a comparable wheel can be fin- 
ished, produced in quantity by high-precision-cast- 
ing and -welding methods, for approximately $20 
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The paper from which these excerpts were 
taken was presented as a Buckendale Lecture. 


The prime purpose of the Buckendale Lectures 
is to direct attention toward filling the needs of 
young engineers and students for up-to-date 
practical knowledge. L. Ray Buckendale was a 
strong advocate of the development of the latent 
abilities in young men and constantly stimulated 
them to high goals of attainment. 


The young engineer graduating from college is 
faced with a difficult problem of choosing a 
branch of engineering which he hopes to build 
into the structure of his career. Today he is 
challenged in his choice between ventures which 
border on the fantastic and those which have 
roots in a long chain of evolutionary development. 
The one philosophy endeavors to reduce the fan- 
tastic to the realistic—the other, to extrapolate 
the factual to the horizon of the imaginative. 
The creative urges in both categories have the 
same basic stimulation of seeking answers to un- 
knowns, but the foundation stones are of differ- 
ent composition. 


Projects on guided missiles, space locomotion, 
and atomic propulsion intrigue the mind beyond 
conventional scientific concepts. It pinpoints 
faith on the ultimate consummation of antici- 
pated “breakthroughs.” The resultant achieve- 
ment in practical mechanisms, however, must be 
built on the firmer base of developed fundamen- 
tals. Upon this thesis C. G. A. Rosen has chosen 
his subject: “The Role of the Turbine in Future 
Vehicle Powerplants.” 


per unit, based on carefully predicted cost analyses. 

The rather extravagant prices quoted on some 
available small experimental gas-turbine units are 
by no means a criterion of future production costs. 
The inclusions of tremendously costly development 
charges (which appear always to be associated with 
gas-turbine development) plus the high present 
alloy-material and -fabrication costs, are responsi- 
ble for a distorted economic picture and are far 
from representative of the low-cost possibilities of 
the future small gas turbine. 

A great challenge is placed before the young en- 
gineer for pursuing metallurgical developments in 
suitable materials of lower cost and of devising 
fabrication facilities to realize the manufacturing 
possibilities of an essentially extremely simple 
power-producing mechanism. 

In larger gas turbines, blade cooling is an inviting 
avenue for approaching higher flame temperatures 
using reasonably economic alloys. The conclusions 
of Rohsenow’ are, “that blade cooling will increase 


“New 


5SAE Transactions, Vol. 64, 1956, pp. 582-588: 
Alloys for Automotive Turbines,” by Donald N. Frey. 

6 “Effect of Turbine Blade Cooling and Efficiency of a 
Simple Gas-Turbine Powerplant,” by W. N. Rohsenow. 
Presented at ASME Diamond Jubilee Annual Meeting, Chi- 
cago, November, 1955. 





Fig. 4—Performance chart of single-stage radial compressor with back- 
ward curve blading in fully shrouded impeller. 
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Fig. 5—Typical creep curves at various temperatures. 


the efficiency of the gas turbine considerably—the 
increase in flame temperature will cause an increase 
in pressure ratio in order to obtain maximum effi- 
ciency. . . . The turbine requiring cooling to 1000 
F obtains efficiencies which are within 2 or 3% of 
those obtained by the turbine using more expensive 
materials when the two performances are compared 
at similar inlet temperatures and pressure ratios.” 
Gas temperatures in the range of 1000 F permit the 
use of lower cost materials which are in the cate- 
gory of those used in conventional steam-turbine 
practice. 
Gas-Turbine Fuels and Lubricants 


The gas turbine is truly a multifuel engine since 
it is capable of operating on a wide range and va- 
riety of liquid hydrocarbon fuels. Notwithstanding 
its broad appetite in consuming distillate fuels of 
wide boiling range from gasoline to the heavy diesel 
fuels, it is not particularly digestive of leaded gaso- 
lines. Leaded gasolines in general reduce service 
life of the powerplant. The acceptable wide boiling 
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range permits the utilization of fuels which require 
less processing of a barrel of crude oil and therefore 
permits greater yield in products suitable for gas 
turbines. The optimum fuel characteristics have 
not as yet been determined. It is known, for in- 
stance, that the high temperatures in the combustor 
release corrosive products in the form of materials 
containing sulphur, sodium, and vanadium. 

In locomotive gas-turbine service, fuel deposits 
have been alleviated by using additional metallic 
additives such as magnesium. These prevent the 
deposition of nonvolatile products of combustion on 
critical blade surfaces and control contours. These 
are, nevertheless, factors which will restrict the use 
of the lower cost residual fuels in automotive-type 
gas turbines until the character of the deposits and 
their formation are more clearly understood. In 
general, it can be said that carbon formation can be 
controlled by the burner and its combustor design, 
whereas the accumulation of carbon and other non- 
volatile fuel components in the intricate passages 
of the regenerator can cause a serious operating 
problem. Such deposits would reduce heat-transfer 
rates and increase pressure drops across the regen- 
erator. 

The broadest experience in the utilization of wide- 
range fuels has been obtained by the Union Pacific 
Railroad on its gas-turbine locomotives. The short 
supply of residual acceptable liquid fuels has indi- 
cated the desirability of ultimately utilizing coal as 
fuel for locomotives. The problems in burning coal 
are being thoroughly investigated, but the chances 
are that coal or solid fuels of any kind will never 
become very significant in automotive gas-turbine 
equipment. 

While discussing petroleum products, the lubri- 
cants necessary for proper lubrication of high-speed 
bearings is a more difficult one than is usually found 
in automotive-type piston engines. The severest 
condition imposed upon a gas-turbine lubricant is 
that of repeated accelerations and decelerations 
which impose high “soak-back temperatures” into 
the shaft and the bearings. Also, a quick stall of 
the gas turbine is a factor in the rapid temperature 
buildup of the oil film. Synthetic lubricants have 
been used in aircraft and are experimentally satis- 
factory in gas turbines; however, the field-service 
problems involving “soak-back temperatures” of 
600 F could be deleterious to synthetic lubricants. 
Much work is yet needed to be done on bearing 
lubrication. 

Combustion Studies 


It is of interest to study the influence of fuels and 
fuel systems in relation to combustion efficiency, 
while attempting to extend the limits of combustion 
intensity. Some very pertinent thoughts on this 
subject have already been presented by J. J. Broeze.’ 
In Fig. 7 (from footnote 7) the heat-release rate 
in relation to density is plotted in areas of practical 
achievements in combustion intensity. 

The horizontal axis plotted as density indicates 
the value of high compression ratios for combustion 
efficiency. The vertical axis represents the heat re- 
lease in terms of kilocalories per cubic meter per 


7 Proceedings of the Fifth AGARD General Assembly, 
Ottawa, June, 1955, pp. 92-101: “What are the Limits of 
Combustion Intensity,” by J. J. Broeze. 
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Fig. 6—Hot strength of turbine materials. 





Mixing region 


hour. This indicates also the relative areas and po- 
sitions occupied by the gasoline engine, the diesel 
engine, and the gas turbine. All of them, however, 
are still remote from the limit line established by 
Longwell. This should stimulate continued research 
in the direction of achieving higher combustion in- 
tensity. It is also to be noted that fuels are a factor 
in the picture and that our knowledge is not com- 
plete with respect to what can be accomplished by 
new developments in fuels to improve the intensity 
of heat release. 
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Density 


Fig. 7—Heat-release rate in areas of practical achievement in combus- 
tion intensity. 
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Fig. 9—Rotary type of regenerator. 


According to Broeze: “For stoichiometric mixtures 
the attainment of still higher rates, up to the limit- 
ing line is mainly a matter of providing adequate 
turbulence; adequate in degree in order to utilize to 
the full the spreading power inherent in the incom- 
ing gas velocity, adequate in fineness of structure 
in order to minimize the distance of travel of 
particles.” 

To achieve high-combustion intensity in gas tur- 
bines, the compressed charge for primary combus- 
tion must be brought as near to stagnation as pos- 


47 





es 
cI -_ 


LARK 


Wh: 


VL 


KY 


| 
- 


277277 
PN J 
NS 


w 
® 


w 








@ 


INCREASE FACTOR 


N 
hy 











& 





2 


1.0 


LO 4 18 22 26 30 34 38 40 


CHARGING PRESSURE RATIO 


Fig. 11—Four-stroke internal-combustion-engine performance plot with 
exhaust turbine charging. 
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sible in order that the remainder or larger part of 
the air can be utilized for the production of eddys. 
As suggestions in the direction of achieving this 
result, Broeze offers: “Even in the case of the gas 
turbine, the use of moving stirrers driven by the 
engine itself might provide a more efficient means 
of creating the required degree of turbulence than 
the fixtures now used. In view of the high-excess 
air used it might be advantageous to compress only 
the combustion air a stage or so more than the rest, 
in order to allow it an extra pressure drop above 
that which the whole air mass requires for secon- 
dary mixing. By all means, the normal mixture 
should be as high as possible, the condition for this 
being a high temperature of the mixture, a fuel/air 
ratio close to the theoretical, and a suitable fuel. To 
this should be added high density for completion of 
combustion in short periods.” 

Further studies are needed to emphasize the phys- 
ical processes of mixing fuel and oxygen and burned 
and unburned gases and the chemical processes 
which limit the possible rates of reaction. The lim- 
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Fig. 12—Napier Nomad 
compound engine. 
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its of intensity of combustion are also curbed by 
flame stability. Stability and intensity are to some 
extent incompatible. Fig. 8 (from footnote 8) 
shows, diagrammatically, the problem as presented 
by Spalding.* The rate of supply of reactants to the 
combustion chamber should be sufficiently great so 
that the flame is not quite extinguished under the 
most adverse conditions of temperature and pres- 
sure. The designer of a gas turbine must compro- 
mise between a number of factors. The combustion 
system should be small in volume and light, should 
produce a stream of hot gases of substantial uniform 
temperature and velocity, and should have the min- 
imum of consumption of fuel and a maximum of 
mechanical endurance. 


Regenerators for Part-Throttle Fuel Economy 


The gas turbine must compete with the piston- 
type engine, not only of today, but of tomorrow. 
With rising compression ratios in automotive-type 
gasoline engines, there will be stiffer competition 
for the gas turbine to achieve reasonably compar- 
able part-throttle fuel economy. In this competi- 
tion the regenerator definitely enters the picture as 
has been previously pointed out. The problems in- 
troduced by the regenerator, however, are not sim- 
ple to solve. The stationary type of heat exchanger 
with sufficient heat-transfer surfaces should prove 
effective, say for 75% heat recovery, but assumes 
bulky volumes difficult to install in some automotive 
equipment. The rotary regenerator type has its ap- 
peal with regard to dimensional limits which are 
acceptable. In the Plymouth installation of the 
Chrysler gas turbine, the competitive gas-turbine 
unit with its heat regenerator is installed within the 
same hood limits as the present piston engine. The 
rotary type of regenerator as shown schematically 
in Fig. 9 (from footnote 1) is besieged with the 
problem of maintaining suitable seals, permitting a 
matrix to pass from a zone of hot-gas stream into a 
cold airstream without too great a seal loss or pres- 
sure drop. A relatively low seal loss renders the re- 
generator ineffective in achieving acceptable fuel 
economies at part throttle. These seals must ac- 
commodate thermal expansion and in some cases 
must slide over an irregular surface operating at a 
high temperature without lubrication. To effect a 
reduction in hydraulic diameter, problems arise in 
the design of the regenerator matrix. The manu- 
facture of the matrix itself is difficult so as to pro- 
vide the compact surface structure consisting of a 
large number of very narrow flow paths yielding a 
large heat-transfer surface per unit volume, but suf- 
ficiently free to prevent plugging by deposits. Many 
of these problems have been solved in the labora- 
tory, but the effectiveness of the regenerator under 
field-operating conditions still presents problems 
which command the attention of engineers. 


High-Pressure-Ratio Supercharging 


Under the heading of high-pressure-ratio super- 
charging only the turbine-driven type of compressor 
of Fig. 10 (from footnote 3), in one or more stages 
will be considered. The exhaust turbosupercharger 


8 “Some Fundamentals of Combustion,” by D. B. Spald- 
ing. Pub. by Academic Press, Inc., New York, 1955. 
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Fig. 13—Fuel consumption curves on heavy residual-type fuels using 
Ricardo Comet System’s turbosupercharger. 
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Fig. 16—Performance curves of Napier Nomad engine. 


represents the most economical drive for a super- 
charger in that a turbine exacting energy from the 
engine’s exhaust gas is utilized to drive the compres- 
sor. To utilize to best advantage the available en- 
thalpy drop, the gas pressure must be higher at the 
turbine inlet than at its outlet. In general, when 
using a turbosupercharger one desires to maintain 
the boost pressure higher than the discharge pres- 
sure of the cylinder. By boost pressure is defined 
the manifold pressure charged to the engine cylin- 
der above atmospheric. 

From the following generalized equation’ it can 
be seen that the higher the ratio of boost pressure 
(or compressor discharge pressure, P,.) to engine 
discharge pressure, (that is, turbine inlet pressure 
P,,) the higher the turbine efficiency »,, the higher 
the compressor efficiency », and gas temperature, 
and the lower the air temperature at the compres- 
sor inlet. 

P... compressor discharge 
P,, turbine inlet 


: Ss, 


Overall efficiency uu, =n, x , rH. 


Ratio of boost pressure 


where: 
n, = Turbine efficiency 
n, = Compressor efficiency 
r= Pressure ratio 
H,,= Adiabatic head compressor 
H, = Adiabatic head turbine 


® Journal of the Franklin Institute, Monograph No .1, 
1953, pp. 1-75: “Exhaust Turbocharging of Internal-Com- 
bustion Engines,” by Alfred J. Buchi. 


10“Gas Turbine Principles and Practice,” by Sir Harold 
Roxbee Cox. Pub. by Newnes, London, 1955. 
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Introducing pressures and temperatures and sim- 
plifying terms, 
r.4\e 
P., )-1 


, P b 
K. 1 Bey ot t2 
/[1- (52) 
8** is called characteristic t value 


air 


K., | | 


and: 


P... = Pressure compressor outlet 
P., = Pressure compressor inlet 
P,. = Pressure turbine outlet 

P,, = Pressure turbine inlet 


For simplification use: 


K =A factor 
K,,=A factor 


Today, it is a well established fact that the diesel 
fitted with an exhaust turbosupercharger is the 
most economical type of thermal prime mover de- 
signed to achieve this goal. Even greater economy, 
however, can be obtained with increased boost pres- 
sure, augmented with additional cooling of the 
charging air and with improved scavenging effects 
in the power cylinder of the engine. These influ- 
ences are readily appreciated and pose a challenge 
when referring to Fig. 11 (from footnote 9) as de- 
veloped by Alfred J. Buchi,® the inventor of the 
exhaust turbocharger for diesel engines. In this 
figure the lower dotted line represents the influence 
of power increase in relation to the charging pres- 
sure ratio without improved scavenging or without 
intercoolers. Curve C shows that only a 17% boost 
in power is obtained at 1.8 pressure ratio under 
these conditions. If, however, the air discharged 
from the compressor is cooled to values which are 
represented by 75% of the temperature increase 
during compression, it is possible to achieve 90% 
power increase at the same pressure ratio. Again, 
by improving the scavenging of the cylinder, but 
without intercooling, a 60% increase is obtained at 
a 1.8 pressure ratio. There is further improvement 
to 170% of full-load power with 75% cooling of the 
air charge in relation to the temperature increase in 
the air compressor and effective scavenging. These 
curves are startling examples of the advantageous 
influence of low-charging temperature of air and 
satisfactory scavenging of the engine cylinders at 
fixed-charging pressure ratios. This represents a 
real challenge toward seeking their achievement in 
automotive practice. 

A second method for increasing diesel-engine out- 
put is the application of the exhaust turbine for the 
combined generation of power as well as super- 
charging. This method differs from pure turbosu- 
percharging in that both the internal-combustion 
engine and the exhaust gas turbine are arranged 
independently to provide power, or the separate out- 
puts of both are transmitted through gearing to a 
common shaft such as in the Napier compound en- 
gine using a 2-stroke loop-scavenged power cylinder, 
as shown in Fig. 12 (from footnote 10). Judging by 
Fig. 11, based on a 4-stroke engine, the charging 
boost at 3.6 pressure ratio could be responsible for 
a power increase of as much as 307% when provided 
with adequate intercooling and proper scavenging. 
The prime deterrent in achieving these values in 
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practice is adequate materials. The metallurgist 
has an open sesame in unlimited opportunities. 

The effect of overall efficiency of the exhaust tur- 
bosupercharger itself is significant in relation to its 
influence on the possible increase in engine-shaft 
output. An increase of 20% in overall adiabatic ef- 
ficiency of a turbocharger at 1.8 pressure ratio with- 
out charge cooling but with suitable scavenging ef- 
ficiency will increase the power output of the engine 
about 14%. 

When increasing supercharging boost, it is impor- 
tant to determine its influence on maximum cylin- 
der pressure as well as on the ratio of maximum 
pressure to compression pressure. In some types of 
combustion systems the increase in supercharge 
boost results in a small incremental increase in 
maximum pressure over compression pressure. In 
certain types of divided-chamber engines, the ratio 
of maximum pressure to compression pressure is 
lower at high supercharge than in normal aspirated 
versions of the engine. In open-chamber-type en- 
gines the peak pressures may climb to very high 
values at higher boost pressures. In such cases 
there is a limit placed on the practical value of su- 
percharge boost as bearing problems increase and 
side thrust of pistons presents difficulties in lubri- 
cation. 

Higher increases in supercharge boost are permis- 
sible, however, if the high-pressure stage is part of 
a compound system such as a gasifier as used in the 
Pescara free-piston engine. In this category of 
compound engines, high-boost supercharge is justi- 
fied because of the availability of large amounts of 
potential energy in the exhaust for a second-stage 
expansion in a turbine. The upper limit of super- 


charge is reached when the maximum cylinder pres- 
sures are such as to cause scuffing of the piston 
rings, excessive liner wear, overloading of the bear- 
ings, and leakage at the cylinder heat joints due to 
springing of the cylinder-head bolts or joints. 
There are several advantages which can be de- 


rived from supercharging. Supercharging has a 
tendency to reduce the ignition-delay period which 
permits engines to run quieter and smoother. It be- 
comes possible to burn fuels of lower cetane value 
or of a lower volatility such as heavy distillates or 
residuals. The application of a turbine in any of its 
configurations has an inherent ability to broaden 
the fuel appetite of the powerplant of which it be- 
comes a part. Combustion generally is improved 
and a somewhat higher proportion of the air can be 
burned effectively and with a clean exhaust. It is 
also noted that the relative heat losses to the cool- 
ing water diminish with the increased density of 
the air of combustion. The high efficiency of com- 
bustion as a result of supercharging can be readily 
appreciated when burning difficult fuels. By refer- 
ring to Fig. 13, showing the results obtained by Sir 
Harry Ricardo on a 5x5% Comet engine at 20-in. 
Hg boost pressure, the bmep curves extend out to 
200 psi and for the major portion of their operating 
range are below 0.40 lb per bhp-hr in specific fuel 
consumption. All fuels burned were of the heavy 
residual type. 


11$AE Transactions, Vol. 62, 1954, pp. 426-436: “The 
Free-Piston and Turbine Compound Engine—Status of De- 
velopment,” by A. L. London. 
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The gas turbine has really made possible efficient 
use of higher supercharge boost for piston engines, 
particularly of the diesel type. The field of very 
high turbocharging pressure ratios has hardly been 
touched. The piston engine itself, whether 2- or 
4-stroke, must be modified in design to accommo- 
date the maximum utilization of the highest ex- 
haust gas energy which can be made available with 
a properly matched turbocharger. 


Compound Power Systems 


The free-piston gasifier in combination with the 
gas turbine as illustrated in Fig. 14 (from footnote 
11), provides an ideal opportunity for utilizing high- 
supercharge boost in a practical system. The in- 
herent efficiency of the cycle is high, and the pres- 
sures and temperatures reach values not attainable 
in the case of diesel engines but at the expense of 
problems in selection of materials and lubricants. 
The high pressures and temperatures are made pos- 
sible because of various factors. The absence of 
bearings and connecting rods permits the use of 
higher compression pressures. Heat losses are small 
due to the relatively small surfaces of the combus- 
tion chamber. Large excess scavenging air provides 
cooling of the internal surfaces of the cylinder and 
carries the heat so accumulated into the turbine. 
The high compression ratio gives a higher adiabatic 
efficiency than a comparable diesel, and the friction 
losses are lower. The gas generator is well adapted 
to the combustion of heavy fuels because the highly 
supercharged power cylinder is provided with large 
quantities of excess air for combustion and for scav- 
enging. 

The performance characteristics of the Muntz 
free-piston gas generator is shown in Fig. 15 (from 
footnote 10). This unit is based on the Pescara de- 
sign of free-piston, 2-cycle configuration. The spe- 
cific-fuel-consumption curve and the other data all 
refer to the gasifier unit and are not specific to the 
overall performance of the combined turbine and 
gasifier. The specific-fuel-consumption curve of the 
gasifier does reveal the excellent economy obtained 
in a normal load range but reveals a relatively high- 
fuel consumption as the unit approaches idling. 
This situation has been considerably improved by 
the recent developments of the General Motors 


Fig. 17—System diagram of compound engine. 
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Fig. 18—Process representation of simple cycle. 
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Fig. 19—Process representation of reheat cycle. 
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Fig. 20—Process representation of supercharge and intercooled cycle. 
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Fig. 21—Process representation of supercharge, intercooled, and re- 
heated cycle. 


SAE JOURNAL 








“Hyprex engine,” as reported by Gregory Flynn" by 
a rather novel system of recirculation. By recircu- 
lating air through a valve from the gasifier airbox, 
it is possible to maintain sufficient stroke to uncover 
the ports at low loads. This provides significant im- 
provement in free-piston performance and makes it 
more attractive to locomotive and vehicle installa- 
tions where considerable low-load operation is nec- 
essary. 

In some quarters there has been an objection 
raised to the use of the reciprocating-type compres- 
sor which has been dictated by the free-piston gas- 
generator design. The reciprocating compressor 
presents difficulties in dimensions when considering 
the use of the free-piston compound engine in air- 
craft or in some other military installations. As an 
alternative, a gas generator consisting of a recipro- 
cating crankshaft engine driving a rotary compres- 
sor has been considered by some development labo- 
ratories. The Napier Nomad engine, Fig. 12, utilizes 
a gas-turbine-driven axial-compressor which as a 
unit is geared to the main driveshaft of the engine. 
This system has been under intensive development 
by Sir Harry Ricardo in Britain, principally for air- 
craft applications. This development utilizes the 
gas-generator engine as a source of large quantities 
of excess air and operates on the compression-igni- 
tion principle using the 2-stroke, loop-scavenge 
cycle. The performance of this engine has justified 
the enthusiasm of its proponents as revealed in the 
performance curves of Fig. 16 (from footnote 10) ob- 
tained from the Nomad engine. The fuel-consump- 
tion curve is extremely attractive, and its general 
characteristics are very satisfactory within the op- 
erating range of an aircraft powerplant. The vari- 
ous allocations of power, as distributed from the 
engine to the compressor and with the additional 
pickup from the turbine achieves a resultant shaft 
horsepower approaching 3000 hp at 2000 rpm. The 
compound powerplant lends itself to a number of 
variations achieving different system performance 
characteristics. The optimum cycle configuration 
can be evaluated from a thermodynamic analysis of 
a general compound-engine system and its common 
variations." 

The relative merits of the simple compound cycle 
with the addition of reheat and supercharging lead 
to some interesting cycle performances. The thesis 
work accomplished by Cullinane and Wilcox at 
Stanford University’* reveals some significant ad- 
vantages. Fig. 17 (from footnote 13) shows a sys- 
tem diagram for a compound engine. The output 
of the internal-combustion engine is designated as 
gas horsepower and made available as energy for 
utilization. The gas horsepower is proportional to 
the produce of the mass flow of gas and the adia- 
batic heat drop. This is expressed in the formula 
as follows: 

P, 
ty (>) 


12 “Observations on 25,000 Hr of Free-Piston-Engine Op- 
eration,” by Gregory Flynn. Presented at SAE National 
West Coast Meeting, San Francisco, August, 1956. 

13 “Thermodynamic Analysis of the Supercharged, Inter- 
cooled, and Reheat Compound Engine Cycle,” by J. F. Cul- 
linane and R. E. Wilcox. Thesis presented at Stanford Uni- 
versity. 
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where: 


w = Mass flow of gas, lb per sec 
Q, = Adiabatic heat drop, Btu per lb 
C, = Specific heat at constant pressure 
T, = Gas-delivery temperature at two atmospheres, 
R (Fig. 17) 
P., = Gas-delivery pressure, psia at two atmospheres 
(Fig. 17) 
P,, = Atmospheric pressure, psia 
k = Ratio of specific heats 


From this equation it can be seen that the gas 
horsepower is principally dependent upon the gas 
delivery temperature T, and the gas-delivery pres- 
sure P,. The variations of C, and k are secondary 
effects. The gas-delivery temperature obviously de- 
pends on the inlet air temperature to which is added 
the temperature rise through the gas generator. 
This is the adiabatic temperature rise influenced in 
practice by pumping and other losses so that the 
heat of the air at the end of compression is above 
its adiabatic temperature. The temperature rise is 
also due to the mixing of the air with the exhaust 
gases. This rise comes about because the air in ef- 
fect picks up the heat rejected from the engine cyl- 
inder and varies inversely as the indicated efficiency 
of the engine cylinder. It follows that the delivery 
temperature T, rises with the delivery pressure P,. 
The gas horsepower delivered by the heat generator 
or gas generator assumes an adiabatic expansion of 
the gases from the gas generator delivery pressure 
at atmospheric pressure. To obtain the useful shaft 
output horsepower, the gas horsepower must be 
multiplied by the efficiency of the turbine, the effi- 
ciency of the reduction gear, and by other interme- 
diate efficiencies due to losses in the power train. 
The gas horsepower available at two atmospheres is 
subject to a number of variations as expressed by 
the inclusion of components shown in the system 
diagram of Fig. 17. 

These variants are expressed by the following fig- 
ures. In Fig. 18 (from footnote 13) we have the 
process representation for a simple cycle. This is 
modified in Fig. 19 (from footnote 13) by reheat. 
Here the area involved in the temperature-entropy 
diagram is considerably increased as revealed for a 
specific problem study. Again, one may consider 
the application of turbocharging and suitable inter- 
cooling. This is represented in a cycle diagram of 
Fig. 20 (from footnote 13) and reveals a smaller 
area diagram than that obtained in Fig. 19. This 
use of supercharging in the arrangement shown in 
Fig. 17 has been subject to considerable controversy. 
In Fig. 21 (from footnote 13) we have the addition 
of the elements of supercharging, intercooling, and 
reheat. It represents by far the largest cycle area 
of the group chosen for study. 

These comparisons of the various cycle perform- 
ances can readily point to the optimum cycle con- 
figuration for a given design condition. These anal- 
yses were made regardless of how the compressor 
was driven or by what means compressed air might 
be furnished. These studies resolve themselves into 
the following conclusions as related to the system 
diagram of Fig. 17. 


1. The simple cycle gives the lowest specific air 
rate and specific fuel consumption with the highest 
cycle efficiency when the design considers constant 
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maximum power output where inlet turbine tem- 
perature is the design limitation. 

2. Supercharging by the centrifugal compressor, 
as shown in Figs. 17 and 20, has an advantage in 
reducing the size of the reciprocating components 
or in boosting the cycle pressure ratio above that 
possible with a reciprocating compressor. Super- 
charging by this means results in a higher specific 
air rate and specific fuel consumption and a lower 
cycle efficiency than the simple cycle. 

3. Where design limitation is the cycle pressure 
ratio, reheat as in Fig. 19 will give a lower specific 
air rate than the simple cycle, but at the expense of 
higher turbine inlet temperature, higher specific 
fuel consumption but yielding a lower cycle effi- 
ciency. 

4. A design involving a simple cycle for the part- 
load power requirements but incorporating reheat 
to provide peak power, as in Fig. 19, will provide a 
configuration which is the smallest in dimensions 
but most economical. 

In practice, since the exhaust gases from the gas 
generator contain about 75% of the original oxygen, 
a simple reheat combustion chamber can be in- 
cluded between the gas generator and the turbine. 
The power may be increased approximately 33% for 
an increase in total fuel consumption of 10%. 


Problems in Utilizing Nuclear Energy for Vehicle Power 


The marriage of the engine of the future with the 
fuel of the future was described by Dr. J. J. McMul- 
len, chief of the Office of Construction and Repair 
of the U. S. Maritime Administration as a highly 
desirable combination. He has said: “Gas turbines 
now appear to be the ideal power takeoff for the 
nuclear reactor, and they seem to be married to each 
other, the atomic reactor supplying energy and the 
gas turbine supplying the mechanical power. The 
gas-turbine atomic powerplant takes up less space 
and operates at a higher efficiency than do power- 
plants run on water or fossil fuels.” 

In the various nuclear powerplants’: now under 
construction in our country as public-utility power- 
plants, the steam turbine has been the principal 
source supplying mechanical power. It is expected 
that by 1970 about 25% of all public-utility power- 
plants will be nuclear powered. 

The flow diagram of a proposed 200-kw gas-tur- 
bine reactor powerplant by Gallagher’® shows val- 
ues of temperatures and pressures for an open-cycle 
system (Fig. 22—from footnote 15). 

In the arrangement, the gas-cooled reactor re- 
places the conventional combustor or air heater in 
the gas-turbine system. Solid moderators and 
Army-package reactor-type stainless-steel fuel ele- 
ments are employed. Replacing the combustor with 
a gas-cooled reactor has the effect of reducing the 
expansion ratio across the turbine because of the 
pressure drop across the reactor and the back pres- 
sure from the filter and exhaust ducting. 

The open-cycle reactor system is chosen for its 


14 “Dresden Nuclear Power Station,” by T. G. LeClair. 
Presented at ASME Diamond Jubilee Annual Meeting, Chi- 
cago, November, 1955. 


15 Mechanical Engineering, Vol. 78, July, 1956, pp. 608—- 
611: “Small Gas Turbine Reactor Plants,” by J. G. Gal- 
lagher. 


54 


lightness and small dimensions and relative sim- 
plicity. Its application at low-power levels is par- 
ticularly promising. 

It should be emphasized that numerous technical 
problems need to be solved before a gas-turbine re- 
actor powerplant can be constructed and operated. 
According to Gallagher: “These problems should 
not be underestimated, but present indications are 
that they surely can be solved.” 

With regard to the use of nuclear power in vehicle 
powerplants, its feasibility at the present is rather 
questionable. Some studies which have been devel- 
oped by the Westinghouse Electric Corp. and the 
University of Michigan on the use of nuclear energy 
for automotive propulsion indicate that with the 
present technology the powerplants alone would 
weigh at least 25 tons. The most serious disadvan- 
tage of the nuclear powerplant today is the require- 
ment for approximately 20 lb of shielding mate- 
rial per horsepower output from the nuclear-heat 
source. This fact alone places a heavy responsibil- 
ity on research activities. This is needed to achieve 
a major breakthrough in new shielding materials or 
better shielding methods so as to reduce overall 
weight before consideration can be given to the ap- 
plication of nuclear power for automotive-type pro- 
pulsion. There have been some estimates that mil- 
itary equipment of over 70-tons weight could well 
consider possibilities in nuclear-power development. 

At the present time there are severe temperature 
limitations which reduce the efficiency of conver- 
sion of heat energy to mechanical energy by the 
nuclear-power method. Materials required by the 
nuclear reactor are not, at present, the conventional 
engineering materials in common practice. Cor- 
rosion resistance, strength, ductility, mechanical 
and thermal stress, and thermal properties are nec- 
essary in the materials for thermal reactors. The 
higher operating temperatures, the fuel inventory, 
and the economic parameters place new and critical 
demands on material. Here again, the metallurgist 
has a tremendous opportunity to assist in achieving 
early breakthroughs. The Atomic Energy Commis- 
sion’s Coordinating Committee on Atomic Energy 
has made the following report: 


1. Nuclear energy applied to the propulsion of 
merchant ships could become a significant source 
of power within 10 to 15 years. 

2. Nuclear powerplant systems for aircraft are 
technically feasible in terms of foreseeable technol- 
ogy for military application. For commercial appli- 
cation they do not appear likely for many years. 

3. Nuclear powerplants for locomotives are now 
technically feasible, but economically, locomotive 
powerplants competitive with the diesel locomotive 
and the gas turbine are not foreseeable. 

4. The use of atomic-power propulsion for mili- 
tary vehicles and tanks requires major technological 
breakthroughs not now in sight. 


From this it can be ascertained that the factors 
limiting the use of nuclear energy for vehicle pro- 
pulsion are the requirements for new engineering 
materials, improved heat transfer, conservation of 
neutrons, size of reactor vessels, and equipment. 
These, coupled with the neutron and radiation 
shielding, require structures of massive weight. 

It is considered possible to develop a small light- 
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weight nuclear powerplant in the gas-turbine cate- 
gory; however, the size and weight of the shielding 
materials surrounding the engine are comparatively 
enormous. As a consequence the weight of the en- 
tire equipment associated with the nuclear-heat- 
power source is of paramount importance. Prog- 
ress in the development of nuclear-power engines 
for atomic propulsion depends, to a large extent, on 
achieving new types of reactor fuels, new types of 
reactor containers, new types of coolants and work- 
ing fluids for heat engines, and new types of mate- 
rials for shielding radioactivity. 


Solar-Energy Potentials 


The world demand for energy has risen at such 
tremendous rates that with the close of World War 
II new forces have begun to exert unseen influences 
upon the energy situation. Fossil fuels and nuclear 
fuels will become increasingly scarce and expensive. 
Although the world will not suffer a shortage of fuel 
in our generation, it is quite conceivable that our 
descendants cannot continue indefinitely to have all 
the fuel that they need. 

The rapid increase in population and the still 
more rapid increase in demands for electricity and 
other forms of power throughout the world place a 
challenge before thoughtful people as to our solemn 
responsibility for the needs of future generations. 
One is significantly impressed by the fact that 
nearly 2000 times as much energy as is needed for 
our daily power requirements falls on the geograph- 
ical area of the United States, and this is the highest 
energy-consuming country in the world. Even 
though we have no practical means for utilizing solar 
energy, it has commanded the attention of mankind 
for ages. From the days of ancient Nineva to the 
present, courageous engineers have utilized the en- 
ergy of the sun in various interesting applications. 
The means for generating useful power from solar 
energy came only after the development of the steam 
and hot-air engines. It may be of interest to note 
that John Erickson, the prolific Swedish inventor, 
sold more than 6000 caloric engines utilizing the en- 
ergy from the sun for small power applications. In 
1883 he built a rather formidable steam plant, utiliz- 
ing a reflector which concentrated radiations from 
23,400 sq in. of surface and produced sufficient heat 
to generate power from a steam engine of 6-in. bore 
by 8-in. stroke at 35-psi steam pressure."® 

The work of Hoyt C. Hottel,’* as shown in Fig. 23 
(from footnote 17), exhibits some interesting fac- 
tors obtained at El Paso, Tex. The energy available 
at various collecting temperatures exhibits a signifi- 
cant potential. These experiments led to the con- 
clusion by Hottel that, “Operation at temperatures 
in the low-pressure steam range is entirely feasible.” 

The solar engine invented by John Ericsson (Fig. 
24, from footnote 16) has some interesting possibili- 
ties in relation to the development of new fluids and 
newer methods of conversion to mechanical energy. 





16 “Power from Solar Energy,” by J. I. Yellott. Presented 
at ASME Fall Meeting, Denver, September, 1956. 


17 See pp. 85-90: “Power Generation with Solar Energy,” 


by H. C. Hottel, in “Solar Energy Research,” edited by F. 
Daniels and J. A. Duffie. Pub. by University of Wisc. Press, 


1955. 
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The experiments by General Motors in developing a 
model miniature automobile operated by solar en- 
ergy and the significant work accomplished by Bell 
Laboratories on utilizing solar energy for producing 
electricity all lead to the concept that some break- 
throughs are possible where utilization of solar en- 
ergy may some day be a pertinent factor for vehicle 
operations. 

Harold Heywood exhibited, in a paper on solar- 
energy applications before the British Association 
for the Advancement of Science in September, 1953, 
a gas-turbine application. From this study he came 
to this conclusion: “The possibilities of using solar 
energy must be examined impartially against the 
background of future developments in the fuel-sup- 
ply situation and the present economics must not be 
stressed too greatly. Over optimism is as great a 
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Fig. 22—Open-cycle reactor powerplant. 
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Fig. 23—Work output of solar collector-heat engine combination. 
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danger as undue pessimism, for it is clear that ap- 
plications in the near future are limited, although 
the potential applications are significant. As fuels 
become scarcer and costlier, so will the economic 
balance become more favorable and experience 
gained now may prove of the greatest value in the 
future.” 


Engineering Challenges in Earthmoving Applications 


I would be remiss if I neglected to include some 
indication of the impact of the earthmoving indus- 
try on our civilization and to point out the economic 
opportunities and the engineering challenges which 
they present to the young engineer. 

A review of the wide and diverse application of 
power equipment in the off-the-highway vehicle in- 
dustry points out the rapid growth of this industry 
over the past 25 years and the still larger growth to 
occur in the next quarter century. 

Our “Nation on Wheels” has a giant horde of some 
48,000,000 passenger cars and 10,000,000 trucks and 
buses as keystones in the pyramid of transportation 
might, supporting our economy. In addition to 
these familiar vehicles there are other types of 
mobile equipment which one does not commonly see 
on the highways, but yet without which the attain- 
ment of the Golden Age of Mechanization, in the 
Twentieth Century, would have been delayed. These 
are broadly classed as off-the-road equipment and 
cover a wide range of machines. In this category 
the largest group of machinery is designed and used 
primarily in the construction industry generally de- 
scribed as roadbuilding and earthmoving operations. 
The total value of this equipment which was built 
and sold in 1953 was $1,000,000,000. 

The second largest class of off-the-highway equip- 


Fig. 24—John Ericsson's solar engine. 


ment finds its application in mining and quarrying 
operations. The third class is that equipment used 
in agriculture for farm construction, clearing, drain- 
age, irrigation, terracing, and tilling. 

The balance, or about 35% of the construction- 
machinery industry’s production goes to such indus- 
tries as petroleum production, logging, materials 
handling, transportation and utilities, commercial 
construction, and military construction. 

Off-the-highway machinery specially designed for 
road-building and earthmoving operations includes 
such self-propelled units as crawlers and wheel trac- 
tors, motor graders and scrapers, trenchers, trucks, 
cranes, shovels, and rollers. Implementing this 
equipment is a long list of attachments, tools, and 
specially designed equipment applicable for particu- 
lar functions and operations. 

Mining and quarrying make wide usage of con- 
struction machinery such as cranes, shovels, and 
draglines for stripping, loading, stockpiling, mate- 
rials handling, and erection purposes. Crawler trac- 
tors and allied equipment, for example, come into 
play for land clearance, removal of overburden, road 
construction, and materials handling. Motor graders 
build and maintain access and haulage roads, re- 
move snow, and perform other vital operations in 
open pit and other types of mining. Wheel trac- 
tors and scrapers remove overburden, and handle 
bulk materials in numerous ways. 

Agriculture in the U. S. today is big business with 
an estimated “plant” value of about $157,000,000,000, 
or a national average worth of $30,000 per farm. 
With increased agriculture mechanization, an in- 
crease in productivity of farm labor and standard of 
living for the American farmer has resulted. In 


1953, for example, farm output averaged 44% above 
the period 1934-1939. This increased productivity in 
15 years resulted from the use of nearly 90% more 
power and machinery on farms. 

The development trends outlined here will prob- 
ably have their first application in off-the-highway 


vehicles. Such vehicles can be designed to exploit 
the full advantages of the turbine in its various con- 
figurations. These advantages include: (1) reduc- 
tion of weight and bulk, (2) use of available low- 
cost fuels, (3) operation in any climate, and (4) low 
maintenance. 


Conclusion 


The author is well aware of the challenges in the 
Buckendale Lecture “where the lectures are directed 
toward filling the needs of young engineers and stu- 
dents for up-to-date practical knowledge.” It is 
realized that the author has not evaluated solution 
of problems but rather has indicated challenges 
which could be of stimulation to the college gradu- 
ate and the young engineer in industry. The young 
engineer can easily become quite enamored over the 
fantastic projects which our era presents to him; 
however, he must not lose sight of the fact that the 
great automotive industry has potentials equally as 
significant and pertinent. The role of the turbine 
is most inviting. The future of transportation and 
communications are definitely enmeshed in the suc- 
cessful applications of the turbine to automotive 
utilization. The progress of technology and the 
achievement of a higher standard of living will be 
prominently influenced by the impact of the turbine 
on our era. 
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Unique Methods Produce 


Side Rails for 


REAR 
SECTION 


Chevy Frame 


New techniques were developed to manufacture this 3-section 


side rail of the Chevrolet frame 


Ready for the 1955 model, this 


design resulted from 14 months of close cooperation between de- 


sign and manufacturing engineers prior to going into production 


Godfrey Burrows, 


Based on paper 
AA A 


HEVROLET produces a rectangular side rail for 

its frame from a circular tube by unique manu- 
facturing processes. Major problems were solved 
in development of each of a dozen steps. Many of 
them are definite departures from conventional 
methods. 

Usually a rectangular rail is produced by using 
two over-lapping channels, joined by submerged 
are welding. But Chevrolet produces its rectangular 
side rail from a circular tube by the following se- 
quence of manufacturing operations: 


First, a flat strip of steel is passed through 
(1) six forming roll stations, mounted in a 
standard tube mill, to produce a circular 
tube of specific diameter (Fig. 1). (The tube passes 
directly from the last forming roll to a resistance 


seam-welding station.) 
right to left through the last forming roll. 
(Pressure and guide rolls support the tube 
as it is welded by two rotary welding electrodes at 
a maximum speed of 150 rpm.) 


The tube is seam-welded as it passes from 
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Next, the circular tube passes through a 
series of four sizing rolls before entering a 


(3) “turks head’—a unit of tooling in the form 


of rolls and consisting of two stations, each having 
four rolls ground to desired face contour (Fig. 2— 
left). 
(5) ously moving rectangular rail emerging from 
the turks head. It cuts the rail to the speci- 
fied length (204 in. for the front section; 204 in. for 
the rear). The flying saw unit clamps the moving 
rail, travels with it, and, during the travel, cuts it 
to exact lengths. After cutting, the saw unit re- 
turns to its original position to again clamp the rail 
and repeat the cut-off operation (Fig. 2). 


©) 


Passing through the turks head, the tube is 
transformed from a circular to a rectangular 
section (Fig. 2—right). 


Then a “flying saw” unit cuts the continu- 


Next comes the transposing of the front, 
rear, and center sections of this side rail 
(Fig. 4). 

(A) The forward end of the side rail’s 
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Fig, I—MANUFACTURING BE- 
GINS when a flat strip of steel is 
passed through six forming mill sta- 
tions, mounted in a standard tube mill. 
This passage produces a circular 
tube of specific diameter. At 
left are shown the forming rolls; 
below the transformation of the 
flat strip of steel as it progresses 
through each forming mill. 
(After leaving the last forming 
roll, the piece passes directly to 
a resistance seam welding sta- 
tion.) 


~~ 
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front section is transposed from a 
width and depth of 4.00 x 4.50 in. to 
2.88 x 5.62 in. by two individual ex- 
panding tools. (These tools are 
mounted in a _ specially-designed, 
hydraulically-operated production 
machine built to achieve the trans- 
position operations (Fig. 5). 

This front section requires five 
bending operations, performed in 
the sequence shown in Fig. 6. 

The rear section, on the other hand, 
requires but two bends. 

The center section of the side rail 
is fabricated from left- and right- 
hand pressed-metal stampings sub- 
merged arc-welded together. 


The next steps are (a) to size accurately the 
(1) mating ends of each section which is to be 

joined to another and (b) insert a spacer in 
the end of each mating section (Fig. 7). 


Then the front, center, and rear sections are 
joined together by resistance flash welding. 


After welding, the frame passes to a piercing 
operation, where holes are pierced simul- 
taneously in all body brackets by hydrauli- 
cally-operated C-type equalizing guns. These guns 


HIS ARTICLE tells how some unique manufac- 

turing processes were arrived at to produce the 
rectangular side rail of Chevrolet’s frame from 
a circular tube. 


It outlines the sequence of operations finally 
set up... . Then it goes on to detail major prob- 
lems encountered and to tell why they were 
solved the way they were. 


The author is convinced that “the product 
designer and the manufacturing process designer 
are equally dependent upon each other for sur- 
vival in this increasingly competitive era.” This 
particular frame design, started 14 months prior 
to the introduction of the car on which it was 
to appear, was finalized, he says, “after much 
discussion and joint effort on the part of engi- 
neers engaged in hoth the engineering and manu- 
facturing aspects of the development program.” 


Complete paper on which this article is based 
is available in multilith form from SAE Special 
Publications Department, 485 Lexington Ave., 
New York 17, N. Y. Price: 35¢ to members; 60¢ 
to nonmembers. 


Fig. 2—TRANSFORMATION FROM TUBE TO RECTANGULAR SECTION takes place in a “turks head” unit, after 
welding has been completed. This unit consists of two stations, each having four rolls ground to the de- 


sired face contour to change the tube to a rectangular form with the desired dimensions. At left, the tube 
is shown passing through the series of four sizing rolls before entering the turks head. At right, the 
tube is emerging from the turks head. 


JANUARY, 1957 





Fig. 3—A “FLYING SAW” cuts the rail to specified lengths as it emerges continuously from the turks head (see Fig. 2). 
This saw unit clamps the moving rail, travels with it, and cuts to exact lengths during travel... . Then 
it returns to its original position and does the same thing over again. 


are accurately located on a specially-designed pierc- 
ing fixture. The frame is rigidly mounted in lo- 
cators positioned between the C-type guns (Fig. 8). 
washer to the final flow-coat paint opera- 
tion. (Then it is ready for shipping to vari- 


ous Chevrolet car assembly plants.) 


Next, the frame moves through a special 
three-stage washer designed to produce an 
uncontaminated surface prior to painting. 


Finally, it moves by conveyor from the 


How Problems Were Solved 


In developing these operations, major problems 
were met and solved. Many of the solutions, but 
few of the problems, were unique. So, much was 
learned which may help in facing similar manufac- 
turing problems in connection with other products 
or designs. 


Tube Mill Problems 


The major problem in setting up the tube mill 
operation, for example, was to design forming and 
sizing roll equipment which could be mounted in 
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two standard-type tube mills. Each mill had to 
produce from a flat strip of steel a tube of a given di- 
ameter, to be used for the front and rear sections 
of the side rail. Tube diameters had to be accurate 
from both mills. (A rectangular front section of 
4.00 x 4.50 in. and a rectangular rear section of 
2.75 x 3.50 in. had to result from passing a round 
tube through forming rolls.) 

Experimental processing had to work out three 
points, before actual production could take place: 


a. The number of passes required in the forming 
roll equipment had to be determined; 

b. The width of flat strip steel needed to produce 
a tube of the desired diameter had to be deter- 
mined; and 

. The amount of metal to allow for “burn off” 
during the resistance seam welding operation 
had to be decided. 


In making these determinations, it had to be 
realized that calculations for determining the width 
of the steel strip would vary with the design of the 
forming roll equipment. (Some forming roll de- 
signs stretch the material while others have a tend- 
ency to upset or thicken it.) 

The six passes or stations finally decided on were 
mounted in two standard tube mills. The desired 
width of the flat steel strip was finally determined by 
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Fig. 4—TRANSPOSING the front and rear sections of the rail, after they have been cut to length, involved solution 
of several problems described in the text. It is accomplished by two separate expanding tools. Directly be- 
low are shown the front and rear expanding units, their components and their relationship while in 
operation. At the bottom of this page is shown the tooling in the expanded view, just as the opera- 
tion is finished. 
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Fig. 5—THE FRONT SECTION RAIL is fed from the cut off operation to two magazine-type loading stations (only 
one of which is visible as A in the view at the left). While rail B, also in left view is ready to be passed over 
arbor C, (one of the two arbor-mounted units) as other tube E (which has been passed over a rear ex- 
panding unit positioned on the far side of the machine) is moved to the central work station. There 
it is clamped at D. 

The front expanding unit (not visible) then enters the rail’s forward end and does the transposition. 
While this goes on, the rail on the near side of the machine has been passed over the rear expanding 
unit and is ready to be moved to the central work station. ... After the front expanding unit has been 
withdrawn, the transposed rail moves back to the far side of the machine. There it is stripped from the 
rear expanding unit. At right is shown the tube after front end transposition F. It shows the next tube 
G moved over to arbor C. 



















running many short lengths through the actual 
forming and sizing rolls and checking the relative 
desirability of each result. 


Fig. 6—THE FIVE BENDING OPERATIONS required on 
the rail’s front section are performed in the sequence shown. 
(The rear section requires only two bends.) 





Resistance Welding Results 


In the resistance welding operation, the tube is 

supported by guide and pressure rolls. These impose 

- - — enough pressure on each side of the tube to retain 

el ae JEN eee ait its cylindrical shape . . . and to provide for sound 
fusion at the junction of the weld. 

Two rotary welding electrodes are used, one on 
each side of the junction. These apply constant 
, pressure to bring the two edges in contact—and 
il ie cause an upsetting of the metal at the fusion point. 
ts a... an (The outside flash or upset is removed by a cutting 
a. tool which is in contact with the tube at the weld 

joint.) 
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200 kva, and its secondary current capacity, 57,000 
amp. The speed of welding depends on the trans- 
former’s output, the speed of the tube’s travel 
through the mill, and the thickness of the tubing 
material. 





Rectangular Forming 


The four sizing rolls determined as necessary for 
the final transformation of tube to rectangular sec- 
tion in a “turks head” unit resulted partly from 
consideration of the thickness of the material. The 
thicker the material, the more passes would be 
needed to give a more gradual breakdown from 
round to rectangular. 

Fig. 9 shows—at the left—the change in cross- 
sectional form (indicated by 1, 2, 3, 4); and—at the 
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Fig. 7—IN JOINING THE THREE SECTIONS, a spacer is 
inserted in the mating end of each section, prior to welding. 
This insures maintenance of the shape of the side 
walls (top). The resistance flash welding (bottom) 
is carried out on a moving platen and a stationary 
platen. The moving platen continues to move to- 
ward the stationary platen until the heated edges 
of each rail section are joined with enough force to 
make a strong bond. 


right—the steps in transforming the tube from 
round to semi-elliptical, to rectangular. 


Bending the Three Sections 


The cold bending operation required on the front 
and rear sections posed the most difficult problems 
in manufacturing this particular side rail. 

Particularly were the bends difficult to make in 
the transposed area of the front section’s forward 
end... . There, five bends were required—four in 
the transposed area and one at the rear end of the 
section. 

To make it even harder, no separation existed 
between the bends in the transposed area. 

It was realized that the inside area of the rail 
would have to be completely (or as nearly as possi- 
ble) filled with the bending tool. So, it was decided 
to use articulated mandrels as the tooling. 


Front Section Bending 


Each bend on the front section’s forward end re- 
quired a specially designed articulated mandrel. 
The same mandrel design wasn’t feasible for two 
different bends. Each was designed to be used with 


Fig. 8—-HOLES ARE 
PIERCED SIMULTAN- 
EOUSLY IN ALL 
BODY BRACKETS. 
Piercing is done by 
the hydraulically 
operated C-type 
equalizing guns 
shown here. 
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the minimum inside area and at the same time, be 
able to perform efficiently with the maximum out- 
side area ... and to achieve bending with a mini- 
mum of wrinkling on the outside surface. (The out- 
side tube diameter can be held to close limits, but 
the inside diameter is variable due to commercial 
tolerances of purchased coil-steel material.) 

Special machinery was built with clamping dies 
and other suitable tooling to make the required 
five bending operations on the front section and the 
more-simple two required on the rear section. Each 
bend is done on an individual machine. 

In the front-section bending, the clamping dies 
of the bending machine are first moved into the 
open position. Then the section is inserted. Then 
the dies close to hold the section rigid while the 
mandrel which performs the No. 1 bend is inserted 
into the open end of the section. (Because of the 
changed inside dimensions of the front section after 
reform, an internal articulated mandrel had to be 
designed. ) 

Fig. 10 shows the 3-section, internal mandrel used 
for the No. 1 bend. There are (above) two outer 
sections (shown as A and B, and a section which is 
used as a wedge, shown as C.) The mandrel is in- 
serted in the collapsed condition into the tube. 
Then the center mandrel section C is positioned to 
expand the mandrel to fit the inside form of the 
tube. Below, the mandrel is shown in operating 
position. 

These operations completed, the clamping dies, 
mandrel, and rail are moved radially as a unit until 
the No. 1 bending operation is finished. Then the 
clamping dies are opened, the mandrel withdrawn, 
and the section moved to the next bending ma- 


FIG. 9—STEPS IN TRANSFORMING TUBE TO REC- 
TANGULAR FORM. At top is shown change in cross- 
sectioned form; at bottom, the steps in transforming 
from round to semi-elliptical to rectangular. 


oll 


SEMI-ELIPTICAL 


RECTANGULAR 


chine where the No. 2 bend is performed. 

The No. 3 bend on this front section is made with 
a mandrel whose two articulated sections are shown 
as C and Din Fig. 11. This mandrel must be in its 
collapsed position to permit insertion into the tube, 
as shown by A. After insertion, secondary actuation 
positions section C on section D, filling the inside 
dimensions of the tube. The working position of 
this mandrel is shown by B. 

Prior to insertion of the mandrels, the inside walls 
of the rail are sprayed with a drawing compound. 


Rear and Center Section Bends 


The two bends on the rear section are not diffi- 
cult, because the rail has the same width and depth 
throughout its length. Expanding-type mandrels 
are not required (Fig. 12). 

The center side rail section, designed to form a 
smooth transition between front and rear sections, 
is formed from two pressed-metal stampings, one 
right hand and the other left hand, joined together 
by submerged arc welding (Fig. 13). 

Due to the abrupt taper of this center section de- 
sign, its relatively short length couldn’t be expanded 
to the required dimensions by forming from a cy- 
lindrical tube, as with the front and rear sections. 
(It couldn’t be expanded to the desired dimensions 
because of extensive stretch.) 


Problems in Welding 


The quality of the resistance flash welding by 
which the three sections are joined depends on ac- 
curate sizing of the mating ends. So, accurate 
checking is required. 

Welding is carried out on a moving platen and a 
stationary platen. Each has sufficient surface area 
for mounting of electrodes, dies, die holders, and 
work locators. One section of the side rail is placed 
in the stationary platen and its mating section on 
the moving platen. At a given time in the welding 
cycle, when the metal has reached the plastic state, 
the secondary current of the welding machine’s 
transformer is automatically cut off. The moving 
platen continues toward the stationary platen until 
the heated edges of each rail section are joined with 
enough force to make a strong bond. 

The amount to allow for “burn off” in the rail’s 
length is considered when the rail is cut to length 
during the cut-off operation. 


The Piercing Machine 


The machine which does the piercing operation 
has a number of accurately-located, hydraulically- 
operated C-type guns, each of which contains a 
punch and die mounted to a common base. The 
equalizing feature of each gun assures that the 
body bracket will not be moved out of position while 
being pierced. 

The assembled and welded frame is rigidly posi- 
tioned on locators mounted between the C-type 
guns. If it doesn’t rest fully on all locators, the 
need for inspection is indicated automatically. ’* All 
body brackets are pierced at the same time. Hole 
dimensions are held to close limits. 
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Fig. 1O—THE 3-SEC- 
TION, INTERNAL 
MANDREL used for 
the first of the five 
bends required on the 
rail’s front section. 
The mandrel has 
two outer sections 
as shown in Aand B 
—and a section used 
as a wedge, shown 
in C. 





Fig. 11—THE ARTIC- 
ULATED MANDREL 
used to make the No. 3 
bend on the front sec- 
tion. It is inserted 
in the tube in the 
collapsed position, 
A. Secondary actu- 
ation positions sec- 
tion C, on section D. 
The mandrel is 
shown in working 
position by B. 





Fig.12—BOTH OF THE TWO REAR SECTION BENDS 
are performed by the same articulated mandrel. 





BEFORE 
ASSEMBLY 
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Fig. 13—THE CENTER SECTION is formed from two 
pressed-metal stampings, one right hand and the other left. 
They are joined by submerged arc welding. 





AFTER 
WELDING 
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A Concise 


Technical History of . . . 


Manual Steering Mechanisms 


ROM the simple mechanism designed to permit 

horseless carriages to turn corners to present-day 
power steering is a saga of necessity mothering in- 
vention. As power, weight, and size of cars have 
risen and tire pressures have gone down, the course 
of engineering has been to improve the efficiency 
of the gearbox, reduce the amount of turning re- 
quired, and take the “‘wrassle” out of steering. 

Since the beginning of American automobile man- 
ufacture at the turn of the century, each front wheel 
has pivoted on its own axis, close to the plane of 
the wheel. But on the aptly named horseless car- 
riage of an earlier period, the entire axle with front 
wheels pivoted about a vertical axis at the axle mid- 
point. Corners were turned by swinging a tiller 
fastened to a king-post which extended upward 
through the floor boards. Still earlier, a German 
carriage maker named Lankensperger invented a 
non-turning axle equipped with what we now know 


Fig. 1\—Ackermann axle with steering knuckles banished forever 
the turning axle with non-swinging wheels used on the earliest 
horseless carriages. 


as a steering knuckle, but it didn’t catch on until 
the automobile appeared. Patented in England as 
the Ackermann axle (see Fig. 1), and still so known, 
it represented a marked advance and doomed the 
Swinging axle. 

It was soon discovered that making a turn without 
scuffing the tires required the inside front wheel to 
move through a greater angle than the wheel on the 
outside. To make a linkage to accomplish this was 
a headache which has not yet been completely cured. 
Theory calls for the axes of all four wheels to inter- 
sect the same vertical line which becomes the axis 
about which the vehicle turns. Since the axis of 
the rear wheels of all conventional automobiles is 
confined to a transverse plane, in the plan view of 
the vehicle the axes of the two front wheels must 
always intersect the axis of the rear wheels at the 
same point. 

While it is impossible to devise a simple pin- 


Fig. 2—Jjeantaud linkage, used by a French carriage builder in 
1878, is basic to all practical front-end linkages. 
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from 1900 to1951 





Lote STORY of manual steering gears is that of 
continued engineering effort to increase effi- 
ciency within the gearbox, to hold down steering 
effort and amount of “wheeling” required as 
loads have gone up and tire pressures down. 


As the internal combustion engine began to 
replace the horse, the Ackermann non-turning 
front axle came into its own. With increasing 
front-end loads, reducing gears replaced simple 
tiller connections between hands of driver and 
front wheels. 


In the last few years, power steering for pas- 
senger cars has been introduced. At the start a 
luxury, it is fast becoming a necessity. 


C. W. Lincoln, Saginaw Steering Gear Division, GMC 


Paper “Steering Mechanisms and How They Got That Way” was 


presented at 1956 SAE Annual 


Meeting at Detroit, January, 1956 


jointed linkage between the two steering knuckles 
to accomplish this to perfection, there are approxi- 
mations satisfying all practical requirements. In 
the basic approximation, arms attached to the steer- 
ing knuckles extend rearward and toward the center 
plane of the vehicle and are connected together at 
their rear ends by a simple tie-rod. The arms are 
usually known as plain arms, the rod as the cross 
tie-rod, and the linkage is sometimes known as the 
Jeantaud linkage (see Fig. 2), since it was used by 
a French carriage builder of that name as early as 
1878. All practical front-end linkages are the Jean- 
taud linkage or modifications of it. 

With the Ackermann axle and Jeantaud linkage 
there remained only need for a device to transmit 
the steering effort from the driver’s hands to the 
linkage. This was simple while cars were light, 
slow in speed, and traveling on solid or low pressure 
tires. The Merry Oldsmobile, for example, started 





Fig. 3—Reducing gear placed between driver’s hands and the 
wheels, was first step in trying to lessen the effort required to 
steer. 


out by putting a pin-joint in the middle of the cross 
tie-rod, and connecting in at the joint the outer end 
of a short arm attached to the bottom of a verti- 
cal tiller-shaft. In 1901, 400 of these cars were 
made with this simple modification of the Jeantaud 
linkage. 

But cars became bigger and heavier, tires went 
down in pressure as their cross-sections increased, 
and something was needed to hold steering effort 
within reason. The result was the insertion of re- 
ducing gears between the driver’s hands and the 
front wheels. With this addition, the steering gear 
as we think of it today was bern (see Fig. 3). 

Most early steering gears included a cast gearbox 
mounted on the vehicle frame, housing a driving 
and a driven gear. In many cases the gears were 
the well known worm and worm-wheel (see Fig. 4). 
The worm shaft, or steering shaft, was adapted at 
its upper end to receive a handwheel or steering 


ADJUSTING NUT LOCK 
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Fig. 4—Worm and worm-wheel steering gear was common 
among early reducing gear types. Gears were contained in a 
frame-mounted cast gearbox. 
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Fig. 5—Model T steering gear was the only one of its kind. Steering 
wheel rotated the driving member of a set of planetary gears in a small 


gearbox located directly below the wheel. The driven gear was fast to 
the shaft with ratio such as to make speed of shaft much less than that 
of the wheel. 


wheel. The steering shaft was surrounded by a 
thin-walled tubular jacket fixed firmly to the upper 
end of the gearbox and carrying at its upper end a 
bearing for the upper end of the shaft. The jacket 
and shaft continue to this day and are often desig- 
nated collectively as the steering column. The worm 
wheel shaft extended through the side of the gear- 
box and was fitted at its outer end with an arm 
hanging substantially downward. All steering gears 
were largely self-locking, or irreversible, an advan- 
tage when driving over rutted roads. 

Adoption of the gearbox with its downward hang- 
ing steering arm, brought one complication to the 
front-end linkage and relieved it of another. Since 
the motion at the lower end of the steering arm was 
essentially fore and aft, it was necessary to equip 
the steering knuckle on the steering gear side of the 
vehicle with an extra arm extending toward the 
center plane of the vehicle, and to provide a link 
between the outer end of the arm and the lower end 
of the steering arm. The extra arm was known as 
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the “third arm” and the link as the drag link. Ball 
joints were adopted at the ends of the drag link 
because motion occurred in more than one plane at 
each end. With steering effort transmitted to one 
front wheel by means of the drag link, the jointed 
cross tie-rod became unnecessary and the connection 
between the front wheels reverted to the basic Jean- 
taud linkage. The drag link and simple tie-rod were 
used for many years on most cars and continue to 
this day on many trucks. 

By 1906, the manufacture of components for auto- 
mobiles was beginning in earnest. In that year, 
three men in Saginaw, Mich., launched a company. 
David Ross of Lafayette, Ind., organized the Ross 
Gear and Tool Co., and the Gemmer Mfg. Co. came 
into being a year later in Detroit. All three concerns 
were making steering gears by 1908 and today pro- 
duce most of those made in this country. All three 
made frame-mounted gears of the general type de- 
scribed, but there was one notable exception to this 
type. Henry Ford launched the Model T, in 1908, 
equipped with the usual steering column but the 
steering gear was at the top of the column (see 
Fig. 5). 

The steering wheel on the Model T rotated the 
driving member of a set of planetary gears housed 
in a small gearbox immediately below the wheel. 
The driven gear was fast to the steering shaft, the 
gear ratio being such that the speed of the shaft was 
much less than that of the wheel. The steering arm 
was fastened directly to the lower end of the shaft, 
below the floor boards. The motion of the outer end 
of the steering arm was essentially transverse, and 
a transverse link was used to transmit steering effort 
to the knuckle on the far side of the car. This was 
the right-hand knuckle since the Model T was 
brought out as a left-hand drive car. A simple tie- 
rod made connection to the left-hand knuckle. 

Up to 1923, steering gear development was con- 
fined largely to experiments by the three manufac- 
turers in types of gearing for the gearbox. The first 
Saginaw gear had a straight worm or screw pro- 
vided with crossed right and left threads. The worm 
meshed with half nuts on either side—one with 
right-hand threads, the other with left-hand. The 
lower end of the nuts bore against opposed ends of 
a rocker arm, integral with the external steering 
arm. Known as the “Jacox” gear (see Fig. 6), and 
basically of the screw-and-nut type, it was made for 
nearly 20 years, during which time the company was 
acquired by Buick and later became a GM division. 

Ross, a prolific inventor, tried out many mecha- 
nisms. The most successful was basically a screw- 
and-nut type with various devices for converting 
the reciprocating motion of the nut to the oscillat- 
ing motion of the steering arm. Gemmer made a 
screw-and-nut type, new for its day, in 1909. Gears 
of this basic type were to continue in use on pas- 
senger cars until well into the 1930’s and they still 
appear on farm and industrial tractors. 

From 1908 to 1923, these three companies supplied 
many makes of cars, many of which have since 
fallen by the way. Saginaw supplied among others: 
Auburn, Buick, Hudson, Hupp, Oakland, Packard. 

Each manufacturer started out with the basic 
screw-and-nut type steering gear, presumably in the 
hope of providing something better than the well- 
known worm and worm-wheel type. During the 15 
year period, there was a trend toward higher ratios 
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Fig. 6—"Jacox” gear was basically of the screw-and-nut type. It was 
manufactured for 20 years while other types were coming into use. 


in steering gears in an effort to keep steering effort 
down in the face of car advancements. With better 
roads and higher speeds, the completely irreversible 
gear was no longer the ideal, and a change was due. 

Ross made the change in 1923 with the introduc- 
tion of a cam-and-lever type (see Fig. 7). It was 
the first on the scene and still survives on some 
cars. It embodied a worm or screw with a coarse- 
pitch thread groove, a lever on the inner end of the 
driven shaft or cross-shaft, which rotated in a plane 
parallel to the axis of the screw, and a pin in the 
outer end of the lever which engaged in the thread 
groove of the worm. The gear was unusually com- 
pact and gave a degree of reversibility. It was pro- 
duced for the next five years. Meanwhile, Saginaw 
continued with the “Jacox” gear, but also brought 
out a typical worm and worm-wheel gear which was 
first sold to Cadillac. 

There was a limit, however, to the number of turns 
of the steering wheel to handle a vehicle—and gear- 
ing size had to be held in reason. What was needed 
was more efficient gearing rather than larger gear- 
ing. This was a challenge and Henry Marles of De- 
troit met it by inventing the roller-tooth steering 
gear (see Fig. 8). It was the first to substitute roll- 
ing contact for sliding contact between major 
components of the mechanism. The Marles gear 
combined a worm of the hour-glass type with an off- 
set roller mounted in the cross-shaft, or pitman 
shaft. The periphery of the roller was formed into 
the contour of the worm-gear tooth. Actually. 
Gemmer had built samples of this gear as early as 
1921, but first marketed it in 1926, having acquired 
manufacturing rights from Marles. The roller-tooth 
gear was the second type of steering gear still sur- 
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Fig. 7—Ross cam-and-lever gear, introduced in 1923, was the first of 
its kind and still found on some cars. It featured compactness, and a 
degree of reversibility much needed with the coming of better roads and 
higher speeds. 
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Fig. 8—Marles single-roller gear replaced sliding contact with rolling 
contact to create the first antifriction gear. 


Fig. 9—Roller-bearing 
pin was added by Ross to 
cam-and-lever gear to 
make it an antifriction 


type. 
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Fig. 10—Hour-glass worm 
used in worm-and-sector 
gear had a greater helix- 
angle than worm and worm- 
wheel gear, with consequent 
greater efficiency. 


Fig. 11—Ball-bearing roller in 
Marles gear represented a big step 
forward in the march toward anti- 
friction type gears. 


ares 
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Fig. 12—Saginaw “circulating-ball” steering gear, introduced as World 
War II broke out, is basically a screw-and-nut type gear with addition 
of antifriction balls between the thread grooves of the screw and nut. 





Fig. 13—These six typi- 
cal linkages all represent 
modifications of the 
Jeantaud linkage of 
horseless carriage days. 
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viving in American cars. 

Modern manual steering really had its develop- 
ment in the period 1928 to 1936. Prior to that none 
of the gears could be regarded as of the antifriction 
type. At the beginning of this period Ross added 
roller bearings to the pin of the larger sizes of the 
cam-and-lever gear (see Fig. 9). Gemmer, anxious 
to increase the angular travel of the steering arm 
in the Marles gear, replaced the single roller-tooth 
with the two-tooth roller and even made some gears 
with three-tooth rollers. Saginaw brought out its 
first worm-and-sector gear in 1929 (see Fig. 10) and 
when Chevrolet switched to it in 1931, the old worm 
and worm-wheel type passed from the picture ex- 
cept for use on a few trucks and lesser vehicles. 


In 1933, Saginaw introduced the first ball-bearing 
roller-tooth in a Marles gear (see Fig. 11) and the 
next year Ross increased the angular travel of the 
steering arm of the cam-and-lever gear by providing 
the cross-shaft with a forked or “twin” lever in place 
of the single lever. This had two pins, one of which 
entered the worm thread as the other was leaving it. 
Then, in 1936, this twin-lever gear was given roller 
bearing pins. By 1936 then, all three manufac- 
turers were producing anti-friction gears, although 
simpler gears were still available and in use. This 
situation still prevails but the proportion of anti- 
friction gears in use has increased steadily. 


Just before World War II put a stop to car manu- 
facture, Saginaw introduced a “circulating-ball” 
type of gear (see Fig .12). It was a reversion to the 
screw-and-nut type, but had anti-friction balls be- 
tween the thread grooves of the screw and the nut. 
A few such gears appeared in 1939 and in 1941 it was 
used on all Buicks, Cadillacs, and Chevrolet trucks 
and on a large proportion of GM trucks and coaches. 


Although the War put a stop to development of 
the lighter gears for cars, it did further the develop- 
ment of power steering by way of the military vehi- 
cle. The War over, Saginaw resumed manufacture of 
circulating-ball gears, roller-tooth gears, and a few 
gears of the worm-and-sector type. Gemmer was 
supplying roller-tooth gears, while Ross was fur- 
nishing cam-and-lever gears. Then, in 1951 and 
1952, the continuous struggle to keep steering effort 
down as car size and weight increased, culminated 
in hydraulic power steering. 


While the big developments in steering have been 
in steering gears, certain changes have been made 
in front-end linkages. These were primarily to 
avoid excessive changes in camber or wheel direc- 
tion during action of springs or front suspensions, 
and sometimes for clearance considerations. Chief 
among these linkages are the “center-lever” and 
“parallelogram” types (see Fig. 13). In the former 
linkage, the fore and aft link transmits motion to 
a lever at or near the car center which in turn 
transmits motion through separate tie-rods to the 
knuckles. In the “parallelogram” type, the pitman 
arm has a counterpart idler arm on the opposite 
side of the frame, and the outer ends of the two 
arms are connected by a cross-rod. Separate tie- 
rods transmit the motion from this cross-rod to the 
two steering knuckles. 

(For complete paper on which this abridgment 
was based, write SAE Special Publications Depart- 
ment, 485 Lexington Avenue, New York 17, N. Y. 
Price: 35¢ to members, 60¢ to nonmembers.) 
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Post-War 


Power Steering... 


All steering gears discussed in this article 
are manual steering gears .. . no power is 
provided to assist the driver in turning his 
front wheels. 


World War II furthered the development 
of power steering in general, even though it 
stifled development of such steering in 
lighter gears for passenger cars. 


In 1951 and 1952, the continuous struggle 
to hold down steering effort in the face of 
size and weight increases culminated in the 
offering of hydraulic power steering for 
passenger cars. 


Since then, SAE Journal has followed the 
development of power steering for motor 
vehicles in a series of articles which in- 
cludes a 1952 discussion of power steering 
for passenger cars by C. W. Lincoln, the au- 
thor of this present article. 


The list includes: 


1952 


April —Power Steering in 1952 


by W. K. Creson 


—Power Steering for Passenger Cars 
by C. W. Lincoln 


November—History, Development and Application of Power 
Steering ’ 
by F. W. Davis 
November—Power Steering for Passenger Cars 


(Secretary’s report of Round Table by W. A. 
Hunter) 





1953 


January —Power Steering 


by F. M. Isor 
November—Linkage-Type Gears Vie for Slice of Power- 
i | 
eae by W. A. McConnell 





1954 


January —Power Steering Cracks eres Barrier 


y S$. GC. Johnson 
February —Power Steering Should Epitomize Doing What 
Comes Naturally 
by T. H. Thomas 


November—True Center Point Steering 
by A. S. Page 






1955 
February —Power Steering Pot Still Boils Verbally 
by R. A. Garrison 






1956 
February —Power Steering Trends Hint Ultimate Design 
by W. K. Creson 


November—The How and Why of Chrysler Coaxial Power 
Steering 
by O. D. Diliman 
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ooling Trends: 


*Design of new tools, using new materials 


*Redesign of old tools to do a better job faster 
and more economically 


Here's some information on these trends as they apply to various types of tooling. 


J. R. Cooke, 


Ceramic Tooling 


ERAMIC tooling in production work is a new 

trend ... which has led many tool designers to 
experiment with this “harder-than-carbide” ma- 
terial. The experiments have verified the reported 
qualities of ceramic turning so, a number of firms 
are using the more rapid speeds permitted by ce- 
ramics to acquire quality finishes low in the micro 
scale. These improved speeds mean improved fin- 
ishes, another practical consideration in economic 
production. 

Ceramics eliminate the cost of coolants, for they 
absorb little heat (the heat, being generated by the 
metal deformation, is carried away in the chip). 
And, aluminum oxide, the basic material of which 
ceramic tooling is composed, is abundant. There- 
fore, mass produced, refined ceramics are relatively 
inexpensive. These advantages are the forces lead- 
ing tool manufacturers and tool users into further 
experimentation and refinement of ceramics. 

Unfortunately, the advantages of ceramics are 
seriously affected by their brittleness. Because of 
it ceramics cannot be successfully applied to inter- 
rupted-cut operations. Some laboratories are ex- 
perimenting with metallic bonds for ceramics to off- 
set the “glass” bond’s brittleness, but as yet have not 
marketed a “cured” product. 
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Magnesium Tooling 


Air frame manufacturers are finding more and 
more applications for magnesium tooling. Favor- 
able properties which have accelerated use of mag- 
nesium include: 


@It is very light, 
aluminum), 

@ It is machineable, 

e@ It has good wear qualities, and 

@ Its thermostability is approximately the same 
as aluminum. 


One danger of magnesium is the fire hazard that 
is present when machining. This danger can be 
avoided, however, by maintaining a high level of 
housekeeping, and by providing adequate fire- 
smothering substances, such as soapstone. The ad- 
ditional precaution of sharp tools with ample rake 
and small radii will also help to prevent flaming. 


(about 20% lighter than 


Disintegration Machining 


Two methods of disintegration machining are in 
use today—the ultrasonic and the electrical dis- 
charge. The ultrasonic method produces the better 
finish, but the electrical discharge method permits a 
high rate of stock removal. 

THE ULTRASONIC METHOD uses small cutting 
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particles which pound the material away. There 
is no tool contact in ultrasonic machining. The 
method, however, is particularly efficient for cutting 
hard materials and materials which have been his- 
torically impossible to machine, such as glass. 

Most current ultrasonic applications are of a 
highly specialized nature, such as the production of 
carbide dies. Soft or ductile materials cannot be 
ultrasonically machined. 

Unlike the ultrasonic method, at times the ELEC- 
TRICAL DISCHARGE METHOD has partial tool con- 
tact. In fact, the tool wear is sometimes equal to the 
wear factor of the work. 

The finish produced by electronic discharge ma- 
chining is a poor “eye” finish, which appears pitted, 
but actually the finish is far superior to a ground 
finish and the process will produce a longer wearing 
tool cutting edge than a diamond honed tool. (The 
heat generated by a diamond wheel creates incipient 
cracks which appear during the work cycle and 
cause tool wear.) 

The electrical discharge method permits cuts to 
an accuracy of 0.0005 to 0.001 in. In a rapid cut, 
such as a 4 in. hole through \% in. carbide, 0.002 in. 
is the approximate maximum accuracy available. 
Here too, the use of the equipment is highly special- 
ized. 


Plastic Tooling 


Where usable, plastic tooling yields savings of 30 
to 70% over other common tooling forms. This eco- 
nomically intriguing statement is limited somewhat, 
however, by the “where usable” condition. 

Plastics permit large local repairs. No special 
machine tools are required in the tool shop for the 
creation or repair of plastic tools. However, costly 
curing ovens are required. In addition, the abra- 
sive quality of plastics makes their machining rather 
costly. 

Plastic material is relatively indestructible, a 
desirable feature when extensive tool handling is 
needed. In such applications as drill jig design, 
bushings can be changed easily by the use of a 
quick-setting thermoplastic compound. 

Shrinkage, air bubbles, and other technical dis- 
advantages of plastic usage are usually solved in the 
individual applications and present no major prob- 
lem, but one outstanding fault of the material does 
exist, namely the physical irritation which results 
from processing and machining plastics. Derma- 
titis ... infection of the skin . .. causes considerable 
pain and discomfort. At present, good ventilation 
seems to be the main preventive control. 


Modular Fixturing 


The future of modular fixturing is as much a 
matter of promotion as it is of design, for the basic 
concept of modular fixturing is difficult to instill in 
today’s “traditionally-trained” tool engineer. Mod- 
ular fixturing, the creation of fixtures from basic 
structures, presents the ultimate in standardization 
and interchangeability. Modular fixturing makes 
the concept of ‘one tool for every job” practical. Its 
revolutionary nature, however, will require a re- 
training of the tool engineer and the toolmaker. 

The use of modular fixturing today is limited to 
the visionary faculties of the designer, and the ac- 
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Fig. 1—Steel “pulls” on a carbide in- 
sert in many directions when cooling. 
This sets up stresses in the insert and 
frequently causes it to crack. 










Fig. 2—By brazing the insert so that it has only one area of contact, 
stresses in the insert are avoided. 





PRESSURE 





Fig. 3—If a rigid insert is desired, a shim is used beneath the carbide 
unit. This shim acts like a deck of cards in that its flexibility allows it 
to adjust to any strain which may be set up in the tool. 
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Fig. 4—The shearing action, facilitated by the insert and shim arrange- 
ment, permits stresses to act without damage upon the carbide insert. 
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The Panel 

W. K. Perry, Panel Leader 

J. R. Cooke, Panel Secretary 
Panel Members 

George Brimble 

C. P. Brooks 

M. F. Judkins 

W. O. Jorge 


Frank Blanchette 


F.T. Dubaque ~ 


curacies of modular fixturing are limited to the skill 
of the toolmaker-assembler. 

Practical tool engineers acclaim the concepts of 
modular fixturing on one hand, while asking, “How 
do you use it,” on the other. Modular fixturing is a 
new trend in tooling which sorely needs educational 
promotion. 


Carbide Tooling 


Carbides have been used successfully for years, 


but practical users have experienced some difficulty 
in brazing carbide inserts to steel shanks. A prob- 
lem frequently arises in the nature of cracked car- 
bide inserts ... its causes may be simply defined as 
the stress resultant from unequal metal distortion. 

In brazing at high temperatures the carbide insert 
is not distended as greatly as is the steel shank, and 
during the subsequent cooling, stress develops as 
the steel “pulls” on the insert. A cracked insert is 
frequently the result. Fig. 1 shows the directions of 
“pull” which occur during cooling. 

There are several suitable methods of avoiding 
this problem. The simplest is to position and braze 
the insert so that there is only one area of contact, 
and consequently, only stress in one direction. This 
may be achieved by positioning the insert as in 
either of the methods shown in Fig. 2. 

Since stresses in two directions are required to 
create a strain on the insert, these suggested meth- 
ods will solve the cracking problem. If, however, 
the rigidity of the insert is of paramount impor- 
tance, another method may be used. The insert is 
positioned with a shim, brazed in layers, so that the 
resulting insert will have freedom to adjust to the 
strain, much like a deck of cards can be distorted 
under pressure to change its shape from a rectangu- 
lar parallelepiped to an oblique parallelepiped. See 
Fig. 3. 

The shearing action, facilitated by the insert and 
shim, permits stresses to act without damage upon 
the carbide insert. Fig. 4 shows the design of the 
shimmed insert. 

(The report on which this article is based is avail- 
able in full, together with reports of 5 other panel 
sessions of the SAE National Aeronautic Meeting 
and Production Forum held in New York, April 9, 
1956. This publication, SP-315, is available from the 
SAE Special Publications Department, 485 Lexing- 
ton Ave., New York 17, N. Y. Price: $1.50 to mem- 
bers; $3.00 to nonmembers.) 


Alaska Snow Acts Like Sand 


@ Trucks operating in Alaska during the winter require tire chains only a small 
percentage of the time, even though operating in snow most of the time. 
When the temperatures rise above 20 deg below zero, it is usually necessary 
to install chains to climb grades of any consequence. When the tempera- 
ture drops below 20 deg below zero, snow on the road surface is similar to fine 
crystal sand, and grades of 8 or 9% can be negotiated without difficulty. The 
lower the temperature the more traction seems to be available and, in many 
cases, loaded vehicles can be started up severe grades without “chaining up.” 
-——-R. C. Norrie and R. H. Kasper 


Friction Keeps Nuts On 


@ A properly designed and tightened bolted joint needs no locking devices. Fric- 
tion alone will keep the nut from turning off the bolt. In fact, the frictional 
forces keeping the nut from turning are 6 to 9 times the forces attempting to 


turn the nut off. 
—E. J. Eckert 
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Getting 


Titanium Parts 
Mass Produced... 


. for turbojet engines presents four major manufacturing problems: 


Getting acceptable forgings; 


AWN = 


Recovering adequate ductility in forgings by heat treatment; 
Developing machining processes to produce titanium components successfully; and, 
Reducing hydrogen content to acceptable levels in semi-finished or finished parts. 


Here's how one manufacturer solved these problems in the pro- 


duction of compressor discs. 


J. L. LaMarca and J. L. McCabe 


Aircraft Gas Turbine Div 


Based on paper ‘‘Probler 


Problem +1 


Getting Acceptable Forgings 


Early experience with titanium alloy forgings in- 
dicated that billet acceptance tests, based on forged 
pancakes rather than contour forgings, were not 
completely reliable. Some billets, predicted to pro- 
duce forgings of unacceptable ductility, actually 
produced forgings of superior ductility, and vice 
versa. 

Mechanical properties and metallurgical changes 
to be expected in service, such as overaging, were 
also found to differ between specimens taken from 
actual forgings and those made from bar stock. 


Solving the Problem 


As experience progressed, contour forgings of com- 
pressor rotor discs with superior ductility were made. 
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eneral Electric ¢ 


Also, the use of vacuum-melted billets or those from 
low-hydrogen processes improved ductility. 

Today progress and knowledge have advanced to 
the point where quotations are made on a firm price 
for the delivery of acceptable forgings, and where 
rejections are no higher than for steel forgings. 


Problem +2 
Recovering Adequate Ductility 


While initial experience was being gained in the 
forging of titanium alloys, it became apparent that 
a large percentage of the forged discs would have 
ductility values, as reflected by elongation and re- 
duction of area, below that considered acceptable to 
the engineering specifications. 

Several hundred potentially rejectable forgings 
were set aside. Then we undertook the task of devel- 
oping heat treatments to convert low ductility forg- 
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ings to those having acceptable values of elongation 
and reduction of area. A systematic program of ex- 
ploration was evolved and promising heat treat- 
ments were followed up by stability tests to simulate 
engine operating stresses and temperatures. 


Solving the Problem 


The heat-treatment finally approved for produc- 
tion use on rough forgings is composed of a descend- 
ing series of isothermal plateaus. Initial heating is 
somewhat above complete transformation tempera- 
ture to give a thorough solution heat-treatment. 
Reprecipitations of coarse alpha are accomplished 
by holding for several hours in the isothermal re- 
gion. Stabilization against age embrittlement is 
achieved by holding at 1200 F for 24 hr. The 
length of the cycle permits diffusion of metal atoms 
and interstitial elements. 

During the heat-treatment of the rough forgings 
simple fixtures are used to minimize warping and to 
maintain flatness of the discs. The entire cycle is 
performed in one furnace where cooling rates can be 
controlled. 

At the present time, all billets are of the vacuum- 
melted, low-hydrogen type, and the production forg- 
ing techniques have been so improved that the need 
for restoration of ductility in forgings has practi- 
cally disappeared. 


Problem +3 


Developing Machining Processes 


While engineers and metallurgists were expending 
their effort on material problems, manufacturing 
personnel were combating the problems of machin- 
ing titanium alloy. They were involved with such 
problems as surface finishes and distortion of com- 
pressor discs during machining. 

Of course we were adding to the problems of our 
manufacturing personnel since we were beating this 
material to death in forging hammers and presses; 
also because the reheat treatment of the rough and, 
in some cases, the semi-finished disc forgings 
created residual stresses and increased the distor- 
tion of the discs. 

The first major machining problem encountered 
was our inability to maintain a consistent microinch 
finish during the finishing cuts. Although a com- 
plete laboratory examination of the material was 
made of both acceptable and unacceptable discs, no 
raw material difference could be found which af- 
fected the finishes not acceptable to the engineering 
specification. 

A parallel program of cutting tool design was ini- 
tiated, and here we found our answer by making 
changes to the tool geometry. 


Solving the Problem 


Due to the complex shapes of the compressor 
wheel discs, such as conical contours, projecting lips 
and bosses, and many different radii, it was deter- 
mined that a smaller radius, reduced from 0.060 to 
0.030 in. on the nose of the cutting tool, helped. In 
addition, changing of the rake and clearance angles 
helped immeasurably. 

Rake angles were increased from 10 to15 deg. Un- 
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loading the tool, to remove chips quickly away from 
the workpiece, was necessary as we cut below the 
hardened crust of the forgings. This was accom- 
plished by changing the primary and secondary 
clearance angles from 3 to 7.5 deg and 7 to 13 deg 
respectively. 

These changes in tool design made it possible for 
us to get the consistent microfinishes required. But 
in doing so, the tool life became such that regrind- 
ing was necessary after cutting only 25% of the disc 
surface. 

After many trials, cutting tool life was increased 
to the point where 100% of the disc surface could be 
finish-machined prior to regrinding of the cutting 
tools. This was accomplished by putting a better 
finish on the cutting tools by means of finer grit dia- 
mond grinding wheels. 

In addition, wear lands of the tools were never al- 
lowed to exceed a width of 0.020 in. in order to main- 
tain acceptably low cutting forces. 

Distortion of discs during the final machining of 
the web area was the second major manufacturing 
barrier to hurdle. Normally, distortion may not ex- 
ceed 0.010 in. measured from the rim area to any 
point on the disc face. 

At first, we used our steel disc machining methods. 
Discs were located on the rim face and the inside 
diameter of the bore. Machine holding fixtures were 
used and discs were held down by mechanical clamps 
located around the rim and expanding mandrels at 
the inside diameter, both of which left the entire 
web surface unsupported. Due to the elasticity of 
this material the workpiece moved towards and 
away from the tool as it progressed across the work, 
causing excessive tool chatter, and distortion of the 
disc by as much as 0.25 in. 

Movement of the disc had to be kept to a mini- 
mum, so, a series of concentric rows of hydraulic 
jacks were added to the fixture between the rim and 
bore supports in an attempt to support the web 
areas. These merely supported the workpiece in one 
direction, however, and still allowed it to move away 
from the hydraulic jacks. 

To overcome this difficulty, the center row of hy- 
draulic jacks was removed and replaced by a solid 
steel ring which acted as a seal. The area between 
this ring and the bore was evacuated so that the pres- 
sure difference across the area allowed the disc to 
set against the hydraulic jacks and effectively kept 
the workpiece from moving away from the jacks. 
This improvement aided in keeping distortion of the 
disc to a minimum including the localized distortions 
of the web area. 


Problem +4 


Reducing Hydrogen Content 


Although we had successfully solved our raw ma- 
terial, forging, and manufacturing problems, we 
found that certain critical components of turbojet 
engines were susceptible to time-fracture failures. 
These failures occurred in titanium alloys contain- 
ing more than 0.015% hydrogen. 

Extensive investigations revealed that a combina- 
tion of operating stresses and temperatures with hy- 
drogen contents over 0.015% could result in failures, 
particularly in parts whose design incorporated 
notches or other stress concentrators. Decreasing 
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temperatures increase the detrimental effects of 
high hydrogen in developing brittle failures. And 
conversely, the influence of hydrogen in promoting 
brittle fractures decreases rapidly as the operating 
temperatures increase above 250 F. 


Solving the Problem 


As a result of the above investigations, it was de- 
cided to subject all parts in process, containing hy- 
drogen above 0.015%, to vacuum annealing, and 
thereby reduce hydrogen content to acceptable lev- 
els. This was accomplished by heating the compres- 
sor discs in a vacuum retort for 24 hr at 1225 Fanda 
vacuum level of one micron. This treatment re- 
duced hydrogen content from a maximum of 0.035% 
to less than 0.0125%, with substantial increases in 
elongation and reduction of area. 

Discs whose original ultimate and yield strengths 
were at or slightly below minimum specification re- 
quirements suffered further losses of these proper- 
ties to a maximum of 8,000 psi. 

Simple degassed fixtures made of low carbon steel 
were sufficient to maintain flatness of finished ma- 
chined discs within 0.005 in. of the original dimen- 


sions. Even with the flatness problem solved, an- 
other unusual phenomenon was encountered. In 
vacuum-annealed finished discs, diametral shrink- 
age, in the order of 0.0005 in. per in. of radius, took 
place. This is chiefly due to a reduction in volume 
caused by the loss of hydrogen. 

Some outside diameters failed to fall within the 
0.001 in. tolerance required to insure adequate inter- 
ference fits between mating surfaces. To salvage 
these discs, which otherwise would have gone to the 
scrap pile, we used the following method: using a 
form roller designed to fit the geometry of the pro- 
trusions on the disc, and using the vacuum chucks 
normally used in the finish machining operation, a 
steady uniform force is applied to the protrusions 
while the disc is rotated. Roller lubrication prevents 
galling. This cold rolling process increases the ra- 
dius about 0.008 in., and subsequent machining re- 
stores the needed dimensions. 

Destructive, nondestructive, and engine test evalu- 
ations substantiated our thinking that this process 
could be applied successfully to certain areas on the 
compressor disc. 

(For complete paper on which this abridgment is 
based, write SAE Special Publications Department, 
485 Lexington Ave., New York 17, N. Y. Price: 35¢ 
to members; 60¢ to nonmembers.) 


Compressor Air Contamination .. . 


... can be stopped. First choice is to use a catalytic filter. 


more positive, but also more expensive. 


A separate compressor is 


Based on paper by Henry A. Reddall, North American Aviation, Inc. 


NTERNAL engine oil leakage is the basic cause of 
contamination of air bled from the compressors 
of some high compression ratio turbojets, and the 
condition can be aggravated by external leakage of 
oils and other fluids which find their way into the 
engine air inlet. The contamination is not toxic 
but it is annoying enough to create a real problem, 
particularly in commercial airliners. 

Obviously, every effort should be made to mini- 
mize or eliminate the leakage. If a major improve- 
ment can be made, then the air can be extracted 
from a location in the engine where there is least 
contamination. However, this is regarded as a mar- 
ginal solution to the problem, perhaps satisfactory 
for military aircraft, but inadequate for commercial 
airliners where odorless air is a must. 

There are two positive methods of elimination. 
One is to use a catalytic filter which oxidizes the 
contaminants into carbon dioxide and water; the 
other is to employ a separate compressor, using free 
stream ram air for cabin air conditioning and pres- 
surization. Of the two, the latter is the more posi- 
tive, but it is the heaviest, most complicated and 
most expensive way to arrive at a solution. 

In the design of a filter, the selection of the filter 
media will depend on the temperature, pressure, and 
humidity of the air at the filter location. A sche- 
matic of a typical fighter aircraft air conditioning 
system is shown in Fig. 1. Locating the filter down- 
stream of the air conditioning equipment raises 
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serious problems with very few advantages. The 
probability of filter icing is very real. Volume flow 
and velocity of air through the filter is greatest at 
this point in the system because the system pressure 
is low. High velocity is undesirable for two reasons: 
it reduces the dwell time of the air passing through 
the filter, thus minimizing the effectiveness of the 
filter chemical compounds; it also produces high 
pressure drop across the filter with a resultant back 
pressure at the discharge of the refrigeration unit 
which reduces performance of this unit. 

At the location between the refrigeration unit and 
the heat exchanger the air has a relatively narrow 
temperature range and is well worth consideration 
provided a suitable filter media can be found to work 


Fig. 1—Schematic of a typical fighter aircraft air conditioning system 
showing the choice of filter locations. 
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at these temperatures. 

The upstream location with air temperatures up 
to 850 F presents problems making it unusable for 
other than high temperature particulate and cata- 
lytic filter materials. This location is free from 
icing problems, has relatively low volume flow due 
to high pressures, and is least sensitive to pressure 
losses. If a surface active combustion catalyst is 
used, the high temperatures are desirable from the 
standpoint of chemical reaction. 

There are several factors to consider in designing 
a catalytic filter. These are the selection of filter 
media, dwell time, filter case, and filter pack. 

The catalyst selection must be based on tests 
involving the contaminating material since many 
catalysts, capable of converting a variety of con- 
taminants, may be ineffective with a particular 
contaminant. 


Sufficient flow area and depth of the catalyst 


must be used in the filter pack so that the air veloc- 
ity through the pack will be slow enough to allow 
the catalyst to purify completely. 

The filter case must be designed carefully for 
stresses produced by the air temperatures and pres- 
sures. If the filter is located in the engine compres- 
sor bleed duct, it is necessary to have a round case 
with spherical ends, otherwise adequate stiffening 
will impose a weight penalty. 

Catalysts of the solid type usually must be of a 
granular form in order to provide a maximum sur- 
face area for the air to contact. The granules must 
be firmly packed, though not crushed, to reduce at- 
trition losses caused by vibration and to prevent the 
air velocity from separating the granules and form- 
ing a free path through the media. (Paper “Elimi- 
nation of Engine Bleed Air Contamination” was 
presented at SAE National Aeronautic Meeting, 
October, 1955.) 


New Fuel Balance System 


. developed for Grumman F1I1F-1 establishes close control of center of gravity travel. 


HE Grumman F11F-1 supersonic fighter can stand 

no more than a 2% shift of the mean aerodynamic 
chord due to fuel usage if it is to stay within recom- 
mended flight center of gravity limits. This is in 
sharp contrast to an acceptable C. G. shift of 7% on 
a previous model, and a 9 to 13% on subsonic ‘air- 
craft. 

To exercise the necessary close control of C. G. 
travel, Grumman has developed a light weight, au- 
tomatic, fuel balance system which regulates head 
between forward and aft fuel tanks and is inde- 
pendent of electrical power. 

The system is shown in Fig. 1. It comprises four 
14-in. diameter sensing lines, a head control valve, 


FUEL CONTROL SYSTEM 
<== ~— REGULATED AIR SOURCE 


FUEL HEAD PROPORTIONING 
~ CONTROL VALVE 
REGULATED 
AIR PRESSURE FOR 


PL TT ~ | FUEL TRANSFER 
' 


| 


| 
| } 


| 
| 
| 


MODULATING TRANSFER 
VALVE + LINE 
== I—=—=-TO ENGINE INFLIGHT REFUELING 
Fig. 1—Schematic view of fuel balance control system developed for 
the Grumman FIIF-1 supersonic fighter. It is sensitive enough to in- 
dicate changes as little as 2 in. in fuel head. 


, John Karanik, 


pressure regulator and its lines, and a fuel transfer 
modulating valve. The cost of this system in weight 
is 11 lb. 

A twin-diaphragm head control valve produces a 
varying head difference between the forward and 
aft tanks. The pressure due to the head of fuel ap- 
plied to a diaphragm gives a working force. A pres- 
sure sensing line runs from the top of each tank to 
the control unit, making possible a canceling out of 
the effect of tank pressure on the respective dia- 
phragms since it acts on both sides of the dia- 
phragm. The head signal therefore is a true value 
of fuel head alone. 

True head signals for the normal flight attitudes 
of the airplane are obtained by locating the head 
sensing points in the tanks as close as possible to the 
bottom of the mean fuel centroid. Errors could be 
introduced with an airplane attitude change if the 
sensing lines were filled with fuel. To obviate this 
an orifice is installed at the sensing point and a 
small purging air bleed is provided through these 
sensing lines during the system operation. The air- 
bleed keeps the lines clear and the meniscus formed 
at the sensing point is, in effect, a pressure sensitive 
diaphragm which gives true head. The servo valve 
in the head control unit directs a muscle force to a 
modulating valve to control the transfer of fuel. 

Continuing effort is being made to improve and 
refine system components. A recent design develop- 
ment has been initiated to provide a two-phase con- 
trol schedule. At a desired point in total fuel usage, 
the control valve will shift to a new schedule, pro- 
ducing a different ratio of fuel usage between tanks. 
(Paper “Fuel Balance System for Supersonic Air- 
planes’? was presented at SAE National Aeronautic 
Meeting, Los Angeles, October 1956. It is available 
in full, in multilith form, from SAE Special Publica- 
tions Department, 485 Lexington Ave., New York 17, 
N. Y. Price: 35¢ to members, 60¢ to nonmembers.) 
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REGISTERED attendance of 525 The technical sessions, in fact, 
made the 1956 National Fuels were replete with the fruits of for- 
and Lubricants Meeting the larg- ward thinking on problems of mu- 
est ever held in Tulsa. tual petroleum-vehicle engineer- 
Predicted during the meeting ing concern. 
was a new level for multi-purpose Several speakers, for example, 
gear oil ... perhaps soon. “All brought out the fact that the mod- 
signs indicate that when we meet ern V-8 engine requires a longer 
next year, tests defining a new warmup period than did its in-line 
level of activity will have been predecessors. One petroleum re- 
agreed upon ...and the confusion searcher, who concluded that V-8 
surrounding gear lubrication will warmup is no better nor worse 
be no greater than that which, to than on previous in-line jobs, says 
a casual observer, seems to sur- this proves that warmup was and 
round all human activity.” is no problem: “The car manufac- 
The hopes for alleviating these turer,” he argued, “has felt safe 
confusions, along with like prob- to trade warmup performance, due 
lems in transmission lubricants to improved fuels, for other engine 
and current engine-fuel relation- improvements which can be ob- 
ships, were based on a currently tained with these more volatile 
increasing cooperation between fuels.” 
motor vehicle and petroleum engi- Among new ideas presented 
neers. One petroleum engineer were some about knock and anti- 
dramatized this growing willing- knock action which, the present- 
ness to work ahead together by ers hope, “may be helpful as a 
naming a long list of vehicle men basis for putting engine-fuel rela- 
whose recent interest he felt had tionships on a rational founda- 
been outstanding. tion.” One of these “new” ideas 
was that engine design factors 
which result in higher end-gas 
temperatures must also involve 
higher pressures, if engines are to 
appreciate sensitive fuels. From 
the same series of tests it was in- 
dicated that: 


e “Chemical” octane numbers 
Tan "3 are directly related to igni- 

a tion-delay characteristics. 
The relationship is such 
that a unit change in octane 
number means a constant 
percentage change in igni- 
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MID-CONTINENT SECTION members who handled arrangements for social events, publicity, registration, 


and ticket sales were (from left) M. L. Alspaugh, Mid-Continent Section Chairman L. A. McReynolds, Gen- 
eral Chairman W. F. Ford, H. M. Carey, W. W. Schafer, and J. L. McGinnis. Also on the committee was 
J. V. Brazier who handled the housing of those attending the convention. 


ON THE DINNER PROGRAM were speaker Chester A. Lauck, M. D. tion delay. (This explains 

Gjerde, Toastmaster, and SAE President Delaney. Humorist Lauck for why octane numbers be- 

many years played Lum in the radio team of Lum and Abner. Now come “larger” as they ap- 

executive assistant for Continental Oil Co., Lauck called the oil industry proach 100.) 

the most competitive business in the world e@ “Mechanical” octane num- 
bers can be explained in 
part on the basis of non- 
uniform temperature dis- 
tribution in the end gas. 


@ Tetraethyllead (TEL) shows 
antiknock properties only 
when it is decomposed be- 
fore the fuel autoignites; 
the amount of antiknock ef- 
fectiveness is related to the 
amount of TEL decomposed. 


Deposits induced by surface ig- 
nition are being studied with an 
eye to the future. It was agreed 
that surface ignition will become 
more serious as the severity of en- 
gine conditions is increased to 
gain greater efficiency. One point 
made from studies already con- 
cluded is that “conditions prob- 
ably exist where heat transfer 
from combustion-chamber gases 
can heat thermally-isolated de- 
posit flakes to temperatures suf- 
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ficiently high to cause surface ig- 
nition.” 

Another new implication came 
from a new series of octane-needs- 
at-high-altitudes tests which were 
spread over very wide geographi- 
cal areas. 

“It would appear that there is 
no such thing as a basic altitude 
correction which applies to any 
given location,” these researchers 
concluded. “Rather,” they Say, 
“it is necessary to have definite 
knowledge of the specific area 
under consideration—and of the 
driving habits of the people—and 
then be guided accordingly in 
making any adjustments to the 
standard correction which have 
been used in the past.” 

Another group exposed new re- 
sults from road and laboratory 
vapor lock tests which, in general, 
confirmed that “the slope of the 
isovapor-lock line relating trace 
vapor lock to RVP and ASTM dis- 
tillation varies directly with the 
car tolerance and ambient tem- 
perature.” 

Many research results revealed 
at the meeting added confirma- 
tion to previously known data. 

One researcher, for example, 
concluded that “different engines 
or the same engine running under 
various test conditions will rate 
oils in different consumption ra- 
tios” ... and “engine condition 
and operating characteristics may 
have a far greater influence on oil 
consumption than does oil viscos- 
ity grade.” 

In one case, chief interest cen- 
tered in the relation between a 
new test procedure and the an- 
Swers it produced about engine 
bearing wear. Set forth as a pro- 
posed new way to measure con- 
necting rod bearing wear, the de- 
scribed procedure uses a radioac- 
tive tracer technique to measure 
bearing wear as it occurs. 

Engine tests using the radioac- 
tive tracer wear technique pro- 
duced observable differences in 
wear which agreed with previously 
calculated differences assuming 
the same test conditions. Calcu- 
lations and tracer-techniques, in 
other words, agreed on such things 
as: 

“A considerably higher rate of 
wear occurs under low engine load 
—high speed conditions than 
under high engine load—low speed 
conditions for given values of 
maximum bearing load.” ... and 

“Bearing wear is a function of 
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FUELS AND LUBRICANTS ACTIVITY Vice-President Leonard Ray- 
mond (left) and Meetings Vice-Chairman C. J. Livingstone, who guided 
development of the technical program for the successful meeting. 


Around the F & L Meeting... 


More than 200 of the 525 engineers at Tulsa registered a day in 
advance of the official opening of the meeting. ... W. F. FORD, gen- 
eral chairman of the meeting, sparkplugged the idea of making regis- 


tration facilities available in advance. Nearly 100 of these early 
arrivals attended a special performance of old-time melodrama given 
by The Spotlight Club on the evening preceding the meeting’s start. 


Attendance at the technical sessions—as well as total registrations 
for the Meeting—broke records . . . and the Thursday Dinner and 
the Friday Luncheon were outstanding events, too. 


LEO A. McREYNOLDS, Mid- 
Continent Section chairman, 
welcomed the members to Tulsa 
as he opened the meeting offi- 
cially before the Thursday 
morning session. He spoke on 
behalf of the following Sections 
in addition to his own: Texas, 
South Texas, Texas Gulf Coast, 
Wichita, and Kansas City. 





Around the F&L Meeting... 


U.S. customers driving 60,000,000 cars with conventional engines 
will expect today’s fuels to remain available for many years to come. 
In a “Meet the Press” interview held during the SAE National Fuels 
and Lubricants Meeting in Tulsa, automobile and fuel research engi- 
neers made it clear that no quick changeover in automobile fuels and 
engines is anticipated. 

None of those interviewed could be pinned down to predicting 
whether future cars will be powered by turbines, free piston, or atomic 
engines. Said Lloyd Withrow of General Motors Research “We do 
not predict how our results will come out. Our laboratory tests tell us 
which way to move.” 


Interviewed were: 

(Left to right) E. J. McLaughlin, California Research; F. C. Burk, 
Atlantic Refining; Lloyd Withrow, General Motors Research; R. I. 
Potter, Ford Motor; Charles Heinen, Chrysler; J. J. Mikita, Du Pont: 
and Leonard Raymond, Socony-Mobil Oil. Mikita served as moder- 
ator at the interview during which five reporters quizzed the engineers 
on new developments in engines and fuels. Arrangements for the 
lively ‘““Meet the Press’”’ conference were made by D. W. Frison. 


Research continues on new forms of power with the two industries 
exchanging information from the initiation of a project. The auto- 
mobile manufacturer provides experimental engines and the oil pro- 
ducer researches for the required fuel. 

At the Thursday press conference E. J. McLaughlin of California 
Research forecast that with new engines the greatest problem would 
be one of distribution rather than availability of the necessary fuels. 

At the dinner on Thursday evening SAE President Delaney called 
this exchange of information between the petroleum and automotive 
industries the perfect example of cooperative effort, emphasizing that 
neither could exist without the other. 


Real problems are current in the application of the new automatic 
transmission fluids, off-the-floor discussions revealed. F&L Activity 
Committee, in fact, has about concluded that an airing of the prob- 
lem in round-table discussion is due .. . and aims to get something 
set up for Summer Meeting exposure. 


1956 Indianapolis win- 
ning car is being shown 
by Jack Zink, its 
builder, (left) to Gen- 
eral Chairman W. F. 
Ford and J. V. Brazier 
(right). Introduced by 
Brazier at the Friday 
luncheon, Zink pre- 
sented a colored film 
of the Indianapolis 
race and answered 
questions regarding the 
500-mile race. 


both the magnitude and source of 
maximum bearing load.” 

Eleven technical papers were 
presented at the four technical 
sessions which made up the two- 
day meeting. Scheduled to return 
to Tulsa in 1958, the 1957 SAE Na- 
tional Fuels and Lubricants Meet- 
ing will be in Cleveland ... at the 
Hotel Statler . . . from November 
6 to November 8. 

Session Chairmen were: L. A. 
McReynolds, Phillips Petroleum 
Co.; J. A. Edgar, Shell Oil Co.; E. J. 
McLaughlin, California Research 
Corp.; and N. A. Hunstad, Re- 
search Staff, General Motors Corp. 

Session Secretaries were: H. M. 
Trimble, Phillips Petroleum Co.: 
B. W. DeLong, Shell Oil Co.; M. W. 
Savage, California Research Corp.; 
and R. F. Gasvoda, Ford Motor Co. 

Papers presented at the SAE 
National Fuels and Lubricants 
Meeting in Tulsa, Oklahoma, on 
November 8-9, 1956, were: “Effect 
of Fuel Volatility on Starting and 
Warm-Up of New Automobiles,” 
by G. T. Moore, R. D. Young, 
Standard Oil Co. (Ind.), and H. A. 
Toulmin, Ethyl Corp.; “A Study of 
the Cold-Starting and Warm-Up 
Performance of Some Recent 
Model Cars,” by W. P. Dugan, Sun 
Oil Co.; “Weather or Lock, Vapor 
Lock Study, Road and Labora- 
tory,’ by D. P. Barnard V, R. B. 
Fell, E. H. Scott, Standard Oil Co. 
(Ohio), and Gilbert Way, Ethyl 
Corp. 

“Some Factors Affecting Engine 
Oil Consumption,” by H. V. Low- 
ther, Socony Mobil Oil Co., Inc.; 
“Effect of Oil Volatility and Addi- 
tives on Engine Octane Require- 
ment,” by F. S. Wood and C. C. 
Colyer, Standard Oil Co. (Ind.); 
“Radioactive Tracer Measurements 
of Engine Bearing Wear,” by M. 
W. Savage and L. O. Bowman, Cal- 
ifornia Research Corp.; “A Basis 
for Understanding Antiknock Ac- 
tion,” by E. B. Rifkin and Cleve- 
land Walcutt, Jr., Ethyl Corp. 

“The Octane Requirement of 
Passenger Cars at High Altitudes,” 
by P. L. Haines and A. E. Brenne- 
man, Esso Research and Engineer- 
ing Co.; “Some Factors Involved 
in Surface Ignition in Spark Igni- 
tion Engines,” by D. B. Wimmer, 
Phillips Petroleum Co.; “Perform- 
ance Testing of Gear Lubricants 
in Military Equipment,” by R. E. 
Streets, Department of the Army; 
“New Developments in Gear Lu- 
bricants,” by C. M. Heinen, Chrys- 
ler. Corp. 
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An Evaluation of SAE by George A. Delaney 
1956 SAE President 


the many committees which direct our affairs. 


tiring work and wise counsel. 


Although I have been a member of the 
SAE for over thirty years and have actively 
engaged in its work during most of that 
time, it has taken this year as president 
for me to grasp the true size and scope of 
this great Society. The physical problem 
alone of constructing eleven national meet- 
ings points up the magnitude of only one 
phase of our operations. And there are a 
dozen others which call for equal effort and 
ability. 


I have been particularly impressed with 
the high caliber of all our operations—in 
meetings, in the Sections, in our technical 


committees, in publications, and in our administrative committees. 


HE highlights of our Society’s activities during 1956 are shown on 
the following pages. Encouraging progress is apparent in all areas. 


This progress is a tribute to the energy and ability of 
I wish to 
thank each of them for a job well done. Their chairmen, 
their members and the staff who carry out their wishes— 
all have earned the gratitude of the Society by their un- 


























It is a truly heartening experience to 


find in each of these areas a group of members who enthusiastically devote so much of their time and tal- 


ents to SAE. 


much to make it so, I extend my sincere thanks. 





UANTITATIVE progress has been made again in 
1956 in membership, number of people attending 
meetings, student enrollment, amount of technical 
information published . .. and in the size of the So- 
ciety’s reserves. 

Council moved the headquarters offices on October 
8 to expanded quarters adequate to the continued 
growth and projected needs of the years ahead. 

Measurable progress was made also along lines 
which do not lend themselves to numerical evalua- 
tion. Chief among these most important advances 
was the practical start made in planning for prog- 
ress. 

Activated in January, 1956, a Planning for Prog- 
ress Committee is examining the Society’s present 
structure in relation to obviously increasing needs. 
These needs, the Committee feels, are for flexibility, 
for reasonable continuity in the work of the various 
committees, and for even greater participation on 
the part of more and more members. This Com- 
mittee, inaugurated by the 1956 Council at the sug- 
gestion of President Delaney, will continue its well- 
begun work during 1957. 


Activities Refine Work Methods 
The Society’s various Activity Committees have 
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To serve as your President has been a memorable experience. 


Planning and Progress in 1956 










To each and all of you who have done so 






all taken some specific steps looking toward (a) bet- 
ter technical service to SAE members, and (b) spec- 
ifying what information is wanted in advance of 
paper presentations. This latter step aims to insure 
an author’s presentation of material definitely 
needed and wanted. 

Some Activity groups have gone further than 
others; some are planning additional moves in 1957. 
Throughout, however, there is growing clarification 
of the basic aims of Activity Committees as being 
the development, collection and distribution of tech- 
nical information. 


New “Overseas” Project 


Also aimed toward better technical services to 
members was establishment in 1956 of an advisor 
to the president on overseas activities. His aim: to 
explore the possibilities of getting more and fresher 
technical information from abroad into SAE meet- 
ings and SAE publications. 


Nuclear Energy Interest Up 


The exploration into possible SAE interests in the 
nuclear energy field—started in 1955 with the late 
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A. L. Pomeroy as an advisor to the president—took 
clear form in 1956 as a Committee. Its objectives 
too, are to help to get into SAE meetings and publi- 
cations fresh and practical material of value to 
SAE members. So effective has been this work and 
so great has been the interest of many Activity Com- 
mittees, that a special section of SAE Journal for 
February, 1957, is being devoted to nuclear energy 
data developed through these two facets of Society 


progress. 
$$ for CEP 


Financial support from industry for SAE’s co- 
operative technical committee work reached a new 
high in the 1955-56 fiscal year. Industry furnished 
$228,260 to support the SAE Cooperative Engineering 
Program. 

This past year brought forth two incentives to set- 
ting higher goals for the coming year. 


1. Industry demand for increased cooperative 
activity within SAE technical committees. 

2. A Council resolution that industry bear the 
entire cost of the Cooperative Engineering 
Program. 


More Technical Information 


Publications brought to SAE members a slightly 
greater volume of technical information in 1956 
than in the previous year. Only SAE Journal, how- 
ever, increased its actual number of copies distrib- 
uted. In 1955-56, SAE Transactions was bought 
by 38.7% of SAE members, as against 49.0% in the 
previous year. SAE Handbook, carrying a $1-to- 
members charge for the first time, went to 54.8% 
of SAE members as opposed to the 75.1% who got 
free-on-request copies the previous year. 

Publication Committee during the year set up spe- 
cific methods for handling papers which win prizes 
in student contests sponsored by SAE Sections. 


New Membership Action 


Although “campaigns,” as such, are not a part of 
the SAE membership picture, 1956 saw special pro- 
grams launched to steer membership efforts in 
directions most conducive to quality membership 
growth. 

The aims, activities and accomplishments of SAE 
are getting fresh showing to top-management ex- 
ecutives, and an increasing number are being at- 
tracted to SAE membership. As key men become 
more cognizant of what SAE accomplishments mean 
to their companies, to their engineering employees 
and themselves, it is felt that they will be more 
understanding of the time and effort engineers de- 
vote to SAE. 

Another project is to convey to non-SAE-members 
serving on technical committees the feeling that 
they are welcome as members of the Society, while 
at the same time assuring them that SAE member- 
ship is by no means a prerequisite to technical com- 
mittee membership. 

Society membership continues to grow. The fiscal 
year closed with 21,699 active members, a net in- 
crease of more than 1,000 over the close of the prev- 
ious fiscal year; additions were 2,297 and losses 1,284. 

Membership Grading Committee personnel has 
been increased from 15 to 21 to meet the increasing 
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volume of work demanded of this group. Continued 
heavy flow of applications for membership (which 
are listed monthly in SAE Journal) is one factor in- 
creasing the load. In addition there has been a 
decided increase in the number of members seeking 
reclassification, ... particularly among Juniors who 
are reaching the age limit for that grade. Last year, 
acting upon Membership Grading Committee’s rec- 
ommendations, Council elected 989 candidates to 
Member grade, 480 to Associate grade and 974 to 
Junior grade. It also took action on 576 applications 
for transfer of grade. 

Life membership may now be purchased by mem- 
bers over 60 years of age who have completed at 
least 20 years of active SAE membership. This 
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revision in the Society’s Life Membership Policy is M. A. Thorne 
the result of Council action taken at the recommen-_ = Chairman 
dation of the Membership Committee Executive = . Public Relations Committee 


Committee. 


TUNE 


New Requirements for New Sections 


There now must be a minimum of 50 members in 
a local area with a potential of 100, with at least 
60% holding Member and/or Junior grade of mem- 
bership, before the Council will consider an appli- 
cation for the formation of a new SAE Group. Also, 
there must be at least 100 members with 60% hold- 
ing Member and/or Junior grade of membership 
before a new Section may be authorized. This step- 
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up in number of members and in ratio of technical = T. L. Swansen 
members has been taken to assure greater strength = Chairman 

in Sections and Groups with a continuing source of = Publication Committee 
officer material and a sound basis for further 

growth. 


Study of the best means to provide Section affilia- 
tion to interested members located outside of Sec- 
tion territory led the Council to reaffirm a previous 
action through which any member residing outside 
Section territory, upon written request for assign- 
ment to membership in a given Section, may be so 
assigned. The Council further provided that this 
information be brought to the attention of the mem- 
bership each year by publication in the SAE Journal. 

To provide greater continuity in the Sections 
Committee, and more particularly in the Sections 
Committee Executive Committee, Council amended 
the By-Laws to increase the number of members- 
at-large to be appointed by the President from three 
to five, and to increase the terms of their member- 
ship from three to five years. 

The SAE South Texas Group, authorized during 
the year, increased the number of Groups to 5. The 
new group, a Division of the SAE Texas Gulf Coast 
Section for several years, demonstrated its ability = J. A. Bolt 
to stand on its own feet. It had the Section’s full = i ihe 
support in its petition for Group status. SAE Sec- =: 
tions continue to number 39. 





E. N. Cole 


Chairman 
Sections Committee 
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New Technical Board Programs 


The Technical Board and its committees achieved 
objectives in 1956 toward their goal of improving 
SAE services geared to industry’s technical infor- = 





mation needs. = R. F. Kohr 
Two new administrative programs undertaken by = Chairman 
the Board in 1956 are aimed to amplify these serv- =: Technical Board 


ices in 1957. These two programs are being imple- 
mented by a new Publication Policy Committee of 
the Technical Board and a new Technical Commit- 
tee Guideposts Committee. : 


PTT LLC LCCC 


SUT 


PUUUEELEATAEUOUDEUTDEDEOTEET TEED EEE TTOEEE TAREE ERET EEE TEETER 


JANUARY, 1957 85 











1956 


Financial 


Moves 





B. B. Bachman 


Treasurer 


The Publication Policy Committee is seeking to 
establish policies and guidance for most effective 
distribution of technical reports developed by com- 
mittees under the Technical Board. Such guidance 
will consist of: 

1. Criteria to permit determination of the most 
feasible method of distribution in line with 
breadth of interest of each report and cost 
considerations. 

2. Definition of report classifications so as to es- 
tablish uniformity of classification by all 
committees. 

3. Suggestions aimed at achieving greater uni- 
formity and consistency of format and or- 
ganization of reports. 

The Technical Committee Guideposts Committee 
will develop for technical committees and their 
members a guide to sound operations. These guide- 
posts will grow out of the Technical Board Rules and 
Regulations and currently successful committee 
practices and traditions, aimed at: 

1. Bringing about a uniformity of understand- 
ing of Technical Board principles and phil- 
osophies, yet permitting a maximum of oper- 
ating autonomy in each committee. 

2. Preserving and extending satisfactions to en- 
gineers from their technical committee par- 
ticipation. 


Technical Committee Services Grow 


Among the scores of important projects completed 
by technical committees under Technical Board di- 
rection in 1956 were the following: 


@ The SAE Lighting Committee revised stand- 
ards for Sealed Beam units to cover the new 
four-lamp headlighting systems now being 
used on some 1957 cars. 

@ The SAE Aircraft Hydraulic and Pneumatic 
Equipment Committee established tempera- 
ture range classifications for both present and 
future equipment. This classification is re- 
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The Finance Committee maintained during 1956 
an equal distribution of the SAE investment dollar 
between U.S. Government bonds and stock equities; 
the former for safety of the dollar, the latter as a 
hedge against inflation. 

As the year closed, the Committee was consulting 
its investment counselor on the advisability of seek- 
ing higher yield through the medium of convertible 
preferreds and corporate bonds. Continued is the 
philosophy of using income from securities and pro- 
ceeds of bond maturities for further investment. 

The objective of reserves equal to one year’s ex- 
penditures remains inviolate. At cost value of secur- 
ities, reserves stood at 65% of the goal; at market 
value 80%. Expenses were $1,610,000. 

Once again the Society was so operated as to pro- 
duce a black figure in excess of budget expectancy, 
but one-time moving expenses for headquarters 
kept to a minimum the net addition to reserves. 

Financial statements at September 30 appear on 
following pages. 


ceiving wide acceptance from engineers both 
in industry and in the military services. 

@ The SAE Transmission Committee completed 
a report which establishes a standard test 
code for passenger car automatic transmis- 
sions. 

e A useful inspection tool was developed by the 
Iron and Steel Technical Committee. It’s a 
General Information Report on Classification 
of Major Visible Imperfections in Sheet Steel. 

@ The Construction and Industrial Machinery 
Technical Committee continued to make 
technical contributions to the military serv- 
ices by completion of several test codes for 
the Corps of Engineers on earthmoving 
machines. 

@A report of the Joint Subcommittee of the 
SAE Truck and Bus Technical Committee and 
the Riding Comfort Research Committee 
helped show the way toward designing better 
ride characteristics into trucks. 


Among the significant new projects launched dur- 
ing the past year was the opening of the joint aero- 
nautical-ground vehicle drafting standardization 
program. The aim of this program, as visualized by 
the Technical Board, is to replace the two separate 
SAE aeronautical and ground vehicle drafting man- 
uals with a single drafting manual. 

In the field of automotive safety, 1956 furnished 
additional experience that will provide the basis for 
a comprehensive revision in the SAE Recommended 
Practice for Motor Vehicle Seat Belt Assemblies. 
The changes now under way will improve the recom- 
mended practice both from the standpoint of test 
procedure and requirements. 

The SAE Engine Committee is in tune with new 
technical advances in motor vehicle engineering. 
An example is the advent of dry aircleaners. The 
Committee recently launched a program to develop 
a test code for these cleaners. 


continued on page 90 
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ACCOUNTANTS’ CERTIFICATE 


Society of Automotive Engineers, Inc.: 










We have examined the balance sheet of the Society of Automotive Engi- 
neers, Inc. as of September 30, 1956 and the related statement of income 
and expenses, and general reserve, for the year then ended. Our exami- 
nation was made in accordance with generally accepted auditing stand- 
ards, and accordingly included such tests of the accounting records and 


such other auditing procedures as we considered necessary in the circum- 
stances. 
















In our opinion, the accompanying balance sheet and statement of in- 
come and expenses, and general reserve, present fairly the financial 
position of the Society at September 30, 1956 and the results of its opera- 
tions for the year then ended, in conformity with generally accepted 
accounting principles applied on a basis consistent with that of the pre 
ceding year. 


New York, November 23, 1956 Wardour | uh, 












BALANCE SHEET 


September 30, 1956 In Agreement with Haskins & Sells Audit 










ASSETS LIABILITIES & RESERVES 


General Cash $ 295,259.41 | Taxes and Accounts Payable $ 57,892.37 











Restricted Funds: 
Cash 14,192.06 
Securities 19,845.00 


Section Dues Payable 26,098.00 







7 | De 2d Credits come: 
eT ne Deferred Credits to Income 









Receivable—Less Reserve 17,668.60 Members Dues Received in Advance 221,913.85 

i Journal Subscriptions 8,913.14 

Investment Funds: Transactions and Handbook 15,451.50 

U. S. Government Bonds x 459,310.98 Dinners and Displays 39,968.25 

Preferred and Common Stocks x 458,362.55 Other 3.886.40 
Cash f>r Reinvestment 4,093.45 







Accrued Interest on Bonds 3.088.85 | Reserves for Restricted Funds 
. Memorial Funds 14,192.06 
Inventories 48,008.99 Other—Received during year 19,845.00 






Furniture and 
Fixtures—Arbitrary Value 1,000.00 






General Reserve 977,958.37 





Prepaid Expenses 64,489.05 | 











TOTAL $1,386,118.94 TOTAL $1,386,118.94 






x Investments Carried at Cost. Market Quotation 
or Redemption Values at 9/30/56: 
U. S. Government Bonds $ 433,232.50 
Preferred and Common Stocks 731,510.31 
TOTAL $1,164,742.81 
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INCOME AND 


October 1, 1955, to September 30, 1956 


INCOME 


MEMBERSHIP 
Dues and Journal Subscriptions $478,080.50 
Initiation Fees 35,894.00 
Emblem Sales 1,696.10 $ 515,670.60 


PUBLICATIONS 


Journal and Transactions Sales 55,545.81 
Journal Advertising 519,761.75 
Handbook Sales 44,444.50 
Handbook Advertising 23,967.25 
Aeronautical Publications Sales 58,229.34 
Special Publications Sales 59,801.52 761,750.17 


NATIONAL MEETINGS 


Registration Fees and Preprint Sales 23,296.97 
Dinners and Luncheons 50,679.80 
Displays 59,640.00 
Summer Meeting Registration Fees 10,680.00 144,296.77 


SECURITIES 


Interest on U. S. Government Bonds 11,823.80 

Dividends on Stocks 18,401.01 30,224.81 
CASH DISCOUNTS EARNED es 1,822.67 
TOTAL INCOME FOR MEMBER SERVICES 1,453,765.02 


INCOME FOR TECHNICAL BOARD OPERATIONS 


Funds from Industry 228,259.85 
Transfers from Deferred Credit Account 4,064.80 232,324.65 
TOTAL INCOME $1,686,089.67 
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EXPENSE STATEMENT 


In Agreement with Haskins & Sells Audit 







EXPENSES 


SECTIONS AND MEMBERSHIP 









Sections Department $ 15,979.99 
Sections Dues and Appropriations 78,295.74 
Membership and Students Department 46,794.90 






Miscellaneous Membership Expense _ 1,389.33 $ 142,459.96 






WESTERN BRANCH OFFICE 
PUBLICATIONS 


27,613.68 












Journal and Transactions Editorial 228,119.20 
Roster (13th Journal Issue) 36,754.44 
Journal Advertising 256,627.63 
Handbook Production and Mailing 82,884.88 
Handbook Advertising 9,035.12 
Aeronautical Publications 31,630.67 






Special Publications 34,318.52 679,370.46 









NATIONAL MEETINGS 






Department Expense 58,223.58 
Registrations and Preprint Costs 10,470.39 
Meetings 55,522.90 
Dinners and Luncheons 48,410.02 
Displays 16,796.13 
Awards 1,084.84 190,507.86 















ADMINISTRATIVE (See distribution on next page) 







General Management 134,551.92 
Service Departments 135,898.98 
Furniture and Equipment 16,683.27 
Employee Benefits 51,727.21 
SAE Council and Committees 8,597.60 
Miscellaneous 7,129.49 354,588.47 












TECHNICAL BOARD OPERATIONS 








Technical Committees 157,709.92 

Handbook Editorial Salaries & Expense 11,948.66 

CRC Appropriation 31,250.00 

Solicitation of Funds from Industry 14,489.74 (215,398.32 
TOTAL EXPENSES $1,609,938.75 
Excess of Income over Expenses Before Extraordi- 

nary Income (Deduction) shown below 76,150.92 
Gain on Disposal of Securities 19,860.47 





New Headquarters’ Expenditures — Furnishings, 
equipment (in addition to $16,683.27 included 
under Administrative), leasehold improve- 
ments, moving expenses, etc. (61,459.63 ) 







Excess of Income over Expenses and Extraordinary 






Items 34,551.76 
General Reserve at Beginning of Year _ 943,406.61 
General Reserve at End of Year $ 977,958.37 
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Distribution of Administrative Expenses to Other Divisions 


To % 
Sections and Membership 
Western Branch Office 
Publications 
National Meetings 
Technical Board Operations 


TOTALS 100.0 


continued from page 86 


Criteria for SAE Awards 


The Recognitions and Awards Committee, during 
1956, developed criteria by which it believes the So- 
ciety might determine the acceptability of new pro- 
posals in this area. It satisfied itself as to the prac- 
ticality of these criteria by making test applications 
to already existing situations. Thus, the Committee 
took what it considered the first necessary step to- 
ward completion of its mission to suggest to Council 
an integrated program of recognitions and awards 
for the Society. 


More Enrolled Students 

Engineering students taking advantage of SAE 
Student Enrollment increased by more than 17% 
last year, with 4,597 listed from 105 engineering 
school campuses. SAE has active Student Branches 
at 53 of these schools, and there are informal SAE 
Clubs at another 11. 

Realizing that many engineering students enter 
the military service within the year following gradu- 
ation, the Student Committee Executive Committee 
had encouraged graduating students uncertain of 
their draft status to file applications for member- 
ship at the time of graduation, with the understand- 
ing that adjustments will be made for those being 
called into service. 


Local Publicity Continued 
Publicity, developed for and at the cities where 
National Meetings are held, continued to comprise 
a major part of the work proceeding under policies 
of the Public Relations Committee. 


More Jobs Than Ever 
Job opportunities available to SAE members 
through the Society’s Placement Service have 
reached a new high in 1956. 
Approximately 1,000 copies of SAE Men Available 
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Admin. Exp. 
Distributed 


$ 40,068.49 § 
7,800.95 
191,832.36 
53,897.46 
60,989.21 


$354,588.47 


Total 
Expenses 


$ 182,528.45 
35,414.63 
871,202.82 
244,405.32 
276,387.53 


Direct 
Expenses 


142,459.96 

27,613.68 
679,370.46 
190,507.86 
215,398.32 
$1,255,350.28 


$1,609,938.75 


are mailed twice monthly to an active company list. 
Almost all of these employers have taken advantage 
of the SAE Positions Available Bulletin to publicize 
their requirements. 


Papers Quality and Presentation Bettered 


Definite progress was made in 1956, through the 
leadership of our Meetings Committee, in improving 
both the quality of information presented at Na- 
tional Meetings and the efficiency of its communica- 
tion. Particular emphasis was placed on strength- 
ening three critical areas by: 


1. Making sure that papers submitted by speak- 
ers are what the Activity Committees want 
—that they meet the written specifications 
approved by the Activity Committees. 


. Making sure that realistic session schedules 
that allow adequate time for extemporaneous 
discussion from the floor are developed and 
carried out. 


. Making sure that the technical information 
is communicated effectively—that everyone 
at a session with normal audio and visual 
faculties can hear the speaker distinctly and 
can clearly see the slides, motion pictures, 
and exhibits. 


Participation of members and guests in National 
Meetings rose to a new high during the year. Total 
registration at SAE’s eleven 1956 meetings was 16,- 
497, 8% higher than in 1955. 

More comprehensive engineering displays en- 
hanced the value of the Annual, and New York and 
Los Angeles Meetings, and filled the growing needs 
of exhibitors for display booths. During 1956 the 
number of booths was increased from 212 to 229 and 
income from $53,885 to $66,215. 

To develop a program for the SAE Annual Meet- 
ing Dinner that will coincide more closely with the 
needs and desires of members, a special Program 
Committee appointed by our Meetings Committee 
was initiated during 1956. 
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WHERE SAE FUNDS CAME FROM... 


30.3% MEMBERSHIP FEES AND DUES 
44.7% PUBLICATIONS SALES, INCLUDING ADVERTISING 


8.5% REGISTRATION FEES, DINNERS, AND DISPLAYS AT 
NATIONAL MEETINGS 


2.9% SECURITIES INCOME AND PROFITS 


13.6% CONTRIBUTIONS FOR TECHNICAL BOARD OPERATIONS 


... AND HOW THEY WERE SPENT... 


SECTIONS AND MEMBERSHIP EXPENSES «12.8% 
PUBLICATIONS, INCLUDING ADVERTISING — x 91.1% 
NATIONAL MEETINGS, DINNERS, AND DISPLAYS «14.4% 
TECHNICAL BOARD OPERATIONS +x16.2% 
EXTRAORDINARY EXPENSES 3.6% 

NET INCOME ADDED TO GENERAL RESERVE 1.9% 


x Includes prorated administrative expenses 
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J. L. S. SNEAD, JR., president of 
Consolidated Freightways, Inc., was 
elected chairman of the board of gov- 
ernors of the Regular Common Carrier 
Conference, a division of the American 
Trucking Associations, Inc. 


E. B. OGDEN, formerly director of 
the progressive research and develop- 
ment program at Consolidated Freight- 
ways, Inc., has been made vice-presi- 
dent of equipment development at 
Consolidated Freightways. He will be 
concerned with the maintenance of 
technical progress of C-F’s highway, 
office, and terminal equipment. 

Ogden joined Consolidated 24 years 
ago as a mechanic in Portland, Ore. 


EUGENE M. MITCHELL, who for 11 
years has served Dayton Steel Foundry 
as special representative, has been 
made assistant sales manager at Day- 
ton Steel. He will supervise sales con- 
tacts and head up a new program of 
market development. 


REN C. McPHERSON, previously 
axle sales manager, Dana Corp., has 
been named manager, Auburn Division, 
Dana Corp. For three years prior to 
assuming the post of axle sales man- 
ager, McPherson was a sales engineer 
covering the major automobile manu- 
facturers for Dana Corp. 


WILLIAM L. BARTH has been 
transferred to special assignment on 
the staff of CHARLES A. CHAYNE, 
vice-president of engineering, General 
Motors Corp. 

ROY P. TROWBRIDGE has been 
named to succeed Barth as director 
of GMC’s Standards Section. 

Barth has been responsible for ad- 
ministration and coordination of the 
very extensive standardization pro- 
gram carried on by GMC for many 
years. He has contributed outstand- 
ingly to SAE technical committee 
work through participation and lead- 
ership in many of the Society’s most 
important technical committee proj- 
ects, and as SAE’s representative on 
ASA Sectional Committees. 

Trowbridge has been assistant to 
Barth for a number of years. 


R. A. HARMON has been appointed 
manager, district sales, Twin Disc 
Clutch Co., Racine, Wis. Previously, 
he was district sales supervisor for 
Twin Disc Clutch. Harmon joined the 
company eight years ago and has 
served as a field engineer, eastern dis- 
trict sales engineer, and manager of 
dealer sales. 


O. E. CULLEN was guest speaker at 
the Chicago-Western Chapter of the 
American Society for Metals, where he 
spoke on “Modern Quenching Tech- 
niques.” Cullen is chief metallurgist 
of Surface Combustion Corp., Toledo. 


CHARLES H. COLVIN has been 
elected to the board of directors of 
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About 


Members 


Trowbridge 


Colbert Schwendler 


Avien, Inc. Colvin is president of Col- 
vin Laboratories, Inc., East Orange, 
N.J., and has been active in the air- 
craft industry since 1913. 


MAHLON E. WOOD has joined Rey- 
nolds Metals Co. as special representa- 
tive in the aluminum firm’s Automo- 
tive Market Sales Division. Prior to this 
new appointment, Wood was a manu- 
facturing research engineer associated 
with many light metals developments 
at Ford Motor Co. Before joining 
Ford, he was with General Motors 
Corp. as materials engineer. 


THOMAS C. GLEASON has been 
made chief engineer for electrical de- 
velopment and design in Chrysler 
Corp.’s Engineering Division. He had 
been assistant chief engineer for the 
electrical development and design sec- 
tion. Gleason joined Chrysler in 1935. 


J. A. SCANLAN, assistant professor 
of mechanical engineering, University 
of Texas, is inaugurating a new course 
in nuclear powerplants, both stationary 
and mobile, as part of the graduate 
program at that institution. 


L. L. COLBERT, president of Chrys- 
ler Corp., has been elected to the 150- 


Harmon Cullen 


Newton 


member board of trustees of the Com- 
mittee of Economic Development, a 
non-partisan economic research and 
development education organization. 


WILLIAM T. SCHWENDLER, senior 
vice-president and a founder of Grum- 
man Aircraft Engineering Corp., has 
been elected to New York University’s 
board of trustees. Schwendler was 
chief engineer at Grumman from 1930 
to 1950. He became a director of the 
aviation firm in 1939, a vice-president 
in 1940, executive vice-president in 
1946, and senior vice-president in 1956. 


THOMAS J. NEWTON, formerly 
product manager, Tire Division, United 
States Rubber Co., has been made di- 
rector of private brand sales for the 
company. 

Newton began in tire development 
in 1935. He has served as administra- 
tive assistant to the general manager 
of the Tire Division, and director of 
field engineering and service. 


JAMES J. WELKER has been elected 
vice-president in charge of operations 
of Clevite Corp. For the past five 
years Welker has served as New York 
regional executive of Ford Interna- 
tional, responsible for Ford operations 
in England and Germany. 
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Snead, Jr. 


Colvin 


McCortney 


WILLETT J. McCORTNEY has been 
appointed director of automotive prod- 
ucts development, General Tire & Rub- 
ber Co. Previously, he was manager, 
Organic Materials Laboratory, Chrys- 
ler Corp. 

McCortney will be responsible, on a 
company-wide basis, for the new prod- 
uct development effort of the General 
Tire & Rubber Co. in the automotive 
field. 


GEORGE H. WHITE has joined 
Leach Corp. as sales manager for the 
Pressure Switch Division. Formerly, 
he was field engineer, Wallace O. 
Leonard, Inc., Pasadena, Calif. 

White has 15 years’ experience in 
the fields of fuel, hydraulic, and pneu- 
matic systems for airframe, engine 
and missile end-use. 

In addition to his SAE activities, 
which include membership on the 
Governing Boards of both the Balti- 
more and Southern California Sec- 
tions, he is also a member of the I.A.S. 
American Rocket Society, and the 
American Ordinance Association. 


DONALD H. HARTMANN is now 
assistant to the president at Detroit 
Harvester Co. Formerly, he was with 
Packard in various engineering, prod- 
uct planning, and marketing capacities. 
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Mitchell McPherson 


Gleason 


Hartmann Cenzer 


CARL W. CENZER has been ap- 
pointed executive body engineer for 
American Motors Corp.’s automotive 
divisions. Cenzer, a 29-year veteran of 
the auto industry, formerly was chief 
engineer in charge of all AMC body 
activities. He was development engi- 
neer for Hudson Motor Car Co. from 
1944 until the Nash-Hudson merger in 
1954. Cenzer entered the automotive 
field in 1927 as a chassis-parts drafts- 
man with Dodge Brothers. 


FRANK J. OPATRNY has been ap- 
pointed assistant sales manager for the 
Rubber Products Division of Parker 
Appliance Co., Cleveland. For the 
past eight years he was director of 
marketing with Perfection Industries 
Division, Hupp Corp. Before joining 
Hupp, he had been in field sales and 
service with Viking Mfg. Corp., Cleve- 
land. : 


E. V. RICKENBACKER, chairman 
of the board of Eastern Air Lines, was 
recipient of the National Business Air- 
craft Association Merit Award for 
1956. 

A bronze plaque, citing Rickenback- 
er’s outstanding initiative and leader- 
ship in development of air transporta- 
tion, was presented on behalf of the 
association’s board of directors. 


D. W. SHERMAN has been made 
president of the newly formed A. O. 
Smith Engineering Service Corp., Mil- 
waukee, Wis. Formerly, he was exec- 
utive engineer of the A. O. Smith Corp. 

The new company, which is a wholly 
owned subsidiary of the A. O. Smith 
Corp., will provide supplemental engi- 
neering assistance to the engineering 
staffs of the corporation’s operating 
divisions. 

Under Sherman’s guidance, the com- 
pany will undertake long range engi- 
neering design programs exploring the 
automobile frame of the future. 


J. FRANK DRAKE, former president 
and retired chairman of the board of 
Gulf Oil Corp., was named 1956 re- 
cipient of the American Petroleum In- 
stitute’s Gold Medal for Distinguished 
Achievement. Drake retired in April, 
1955, as chairman of Gulf’s Executive 
Committee, after having served five 
years as chairman of the board of di- 
rectors, and 17 years as president. He 
is still a member of the Gulf board, 
and of its Finance Committee. 


LOUIS C. LUNDSTROM has been 
appointed director of the General 
Motors Corp. Proving Grounds, which 
include facilities at Milford, Mich; 
Mesa, Ariz.; and Manitou Springs, 
Colo. Previously, he was assistant to 
the director of the company’s Proving 
Grounds. 

Lundstrom joined the Proving 
Ground staff at Milford as a test en- 
gineer in 1939. He was made project 
engineer in 1942, mechanical depart- 
ment head in 1947, and in 1953, was 
named assistant to the Proving 
Grounds’ Director. 


JOHN Q. HOLMES has been ap- 
pointed director of the production en- 
gineering section at the General Mo- 
tors Corp. Technical Center. He had 
been with the company’s process de- 
velopment staff since 1954. 

He joined the staff of Delco-Remy 
Division’s process department as a de- 
signer in 1926. During World War II 
he was assistant chief engineer and 
master mechanic of GM’s Eastern Air- 
craft Division. 

Later, Holmes was made director of 
tool and process engineering in the 
central office of Buick-Oldsmobile- 
Pontiac Assembly Division, and served 
as master mechanic of the company’s 
Kansas City, Kan., plant. 


A. TOWELE, joint managing direc- 
tor, technical, Anglamol, Ltd., has been 
awarded the “Crompton Lanchester” 
medal for 1954-1955 by the Automobile 
Division Council of the Institution of 
Mechanical Engineers. He was hon- 
ored for his paper entitled, “Some 
Problems in Lubrication and the Sub- 
stances Called Additives.” 

Towele also has been elected to the 
Automobile Division Council of the In- 
stitution of Mechanical Engineers. 
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**Tab’’ Boyd Tells 
The Kettering Story 


T. A. BOYD has just authored a bi- 
ography of CHARLES F. KETTERING, 
titled “Professional Amateur.” It car- 
ries an introduction by ALFRED P. 
SLOAN, JR. Dotted with direct quotes 
of the vivid comments on science and 
life for which “Boss Ket” is famous, 
the book bears witness to the author’s 
long association with and great knowl- 


JOSEPH M. BRIAN is now president 
of Brian Engineering, Ltd., Quebec, 
Can. He formerly was director of 
sales and engineering for Aviation 
Electric, Ltd. Brian has formed the 
new company to provide sales engi- 
neering service in Canada for the in- 
strument, aircraft, and _ industrial 
fields. 


VICTOR J. HARRIS is now a project 
engineer for Applied Design Co. in Buf- 
falo. Formerly, he was chassis engi- 
neer, Dodge Division, Chrysler Corp. 


L. EUGENE ROOT has been named 
a vice-president of Lockheed Aircraft 
Corp. and general manager of its Mis- 
sile Systems Division. He formerly was 
director of development and planning 
at Lockheed. 


B. A. CHAPMAN has been made ex- 
ecutive vice-president and _ general 
manager of the Appliance Division of 
American Motors Corp. Previously, he 
was vice-president of operations for 
the company. E. W. BERNITT, who 
was vice-president of manufacturing 
and procurement, Autcmotive Division, 
becomes vice-president of operations 
for that division. 


CHARLES E, JURAN is now prelim- 
inary design engineer, Grand Central 
Rocket Co., Redlands, Calif. Formerly, 
he was a Ist lieutenant in the U.S. Air 
Force at Norton Air Force Base, Calif. 


GUY L. BLAIN, previously superin- 
tendent of operating garages for the 
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Boyd Kettering 
edge of his subject. 

It covers the significant achieve- 
ments of SAE’s 1918 President from his 
traditionally American early life on an 
Ohio farm to the present. It is told 
with a wit and wisdom which match 
Kettering’s own by his friend and as- 
sociate of 40 years’ standing. The book 
is published by Doubleday & Co., Inc. 


Montreal Transportation Commission, 
will now be responsible for the pre- 
ventive maintenance of autobuses, 
street cars, and trolley coaches for the 
Commission. 


THOMAS R. STEFANCIN, formerly 
a designer, special development, Oliver 
Corp., is now a tool designer, B and 
M. Engineering Co., Burbank, Calif. 

Stefancin will design air frame as- 
sembly jigs and other production tool- 
ing. 


BENJAMIN G. DAVIS, previously 
chief engineer, Edwards Trailer Co., 
Centerline, Mich., has been made head 
of the mechanical technology depart- 
ment at Mohawk Valley Technical In- 
stitute. Davis will have complete re- 
sponsibility for both curriculum and 
instructional phases of the department. 


F. A. KOTTMEIER is now a field en- 
gineer with Minneapolis-Honeywell 
Regulator Co. Previously, he was an 
industrial sales engineer with Shell 
Oil Co. 


W. D. SIMS has been transferred 
from Shell Oil Co., Wood River Re- 
search Laboratory, Wood River, IIl., to 
Shell Development Co., Emeryville, 
Calif. 


GORDON S. SHARPE has been made 
branch manager of the Midland Motor 
Corp., Ltd., in Northern Rhodesia. 
Prior to this new appointment, he was 
assistant technical editor, ‘Motor 
Transport” and “Bus & Coach,” Iliffe 
& Sons, Ltd., London, England. 


ROBERT J. GORMAN is now assist- 
ant managing engineer, hydraulic drive 
and advanced development, transmis- 
sion and hydraulic drive laboratories, 
Engineering Division, Chrysler Corp. 
He will be responsible for all develop- 
ment and testing concerning torque 
converters, fluid couplings, and ad- 
vanced hydraulic drive and transmis- 
sion designs. 

IVAN R. JOHNSON has been made 
assistant managing engineer, current 
transmission development, at the 
transmission and hydraulic drive lab- 
oratories. He will be responsible for 
the development and testing of auto- 
matic transmissions which have been 
scheduled for future production. 


PAUL P. ALPER has joined Walter 
Kidde & Co., Inc., as scheduling and 
planning supervisor. Previously, he 
was an industrial engineering analyst 
at Wright Aeronautical Division of 
Curtiss-Wright Corp. 

In this new position, Alper will or- 
ganize a new group to plan and sched- 
ule the efforts of research and devel- 
opment projects in the aircraft auxili- 
ary powerplant field. 


WALTER M. MASON is now resi- 
dent field engineer, Lincoln Division, 
Ford Motor Co., San Mateo, Calif. 
Formerly, he was district manager, 
Chrysler Division, Chrysler Corp. 

Mason has been in the automotive 
field since 1939 when he joined the 
ACF-Brill Motors Co. as a sales trainee. 
He was made a service engineer in 
1946, and sales representative in 1948. 

He served in the U.S. Army as Ist 
lieutenant, automotive officer, Ord- 
nance in 1949. He joined Chrysler as 
district manager in 1950. 


E. L. DAHLUND has been made a 
manager of engineering for the Al- 
buquerque plant of the Nuclear Prod- 
ucts Division of ACF Industries, Inc. 
Prior to joining ACF, he was chief 
engineer, diesel engineering depart- 
ment, Fairbanks, Morse & Co. 


D. ROY SHOULTS has been elected 
a director of American Standards Asso- 
ciation, representing the Aircraft In- 
dustries Association. Shoults is gen- 
eral manager, aircraft nuclear propul- 
sion department, Atomic Products Divi- 
sion, General Electric Co. 


J. W. LANE, manager, Automotive 
Division, Socony Mobil Oil Co., Inc., 
has been elected president of the Na- 
tional Lubricating Grease Institute. 


J. RALPH HOLMES, previously chief 
engineer, Harrison Radiator Division, 
General Motors Corp., has been named 
to the newly created post of technical 
assistant to the general manager. 

LAWRENCE A. ZWICKER will suc- 
ceed Holmes as chief engineer of the 
division. Formerly, he was assistant 
chief engineer for product engineering. 
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ROBERT GRAY has been appointed 
supervisor, technical service, Western 
Division, Tidewater Oil Co. Prior to 
this new appointment, he was assistant 
sales manager for Frank Edwards Co., 
San Francisco. 

He will provide technical service to 
company customers and act as liaison 
between marketing, engineering, and 
manufacturing department of the di- 
vision. 

Gray’s SAE activities include mem- 
bership on Cleveland Section’s Board 
of Governors in 1949, and Northern 
California Section’s Board of Gover- 
nors in 1951. 


ROLAND C. BERGH, chief staff en- 
gineer at Republic Aviation Corp., has 
been named full-time director of the 
company’s jet-noise-suppression pro- 
gram. Bergh has been with Republic 
for 21 years, and for the past two years 
has worked on the noise suppression 
program, along with his other duties. 


DAN McCANN is now president of 
McCann Engineering Co., Los Angeles, 
Calif. Previously, he was armament 
engineer, Consultants & Designers, 
Inc., New York. 


BURTON K. SNYDER is now an as- 
sociate mechanical engineer in the 
Central Shops of Argonne National 
Laboratory. Previously, he was a de- 
sign engineer with Johns-Nigrelli- 
Johns 


KENNETH IAN MORTON has 
joined Pacific Motor Trucking Co. as 
a serviceman. He had been a service 
engineer with John Burns and Co., 
Ltd., Machinery Distributors. 


J. PERCY BICKELL, previously reg- 
istrar of motor vehicles for the Ontario 
Department of Highways, has retired. 

Bickell held the position of registrar 
of motor vehicles since 1916, when it 
was created. He joined the civil serv- 
ice in 1906 as a clerk for the provincial 
secretary. Bickell will continue to act 
as consultant to the motor vehicles 
branch. 


PO-LUNG LIANG is now with the 
engineering staff of Ford Motor Co. 
Previously, he was with Studebaker- 
Packard Corp. 


LOUIS KLEIN, JR. is now personnel 
representative, engineering, Solar Air- 
craft Co., San Diego. Previously, he 
was assistant professor, aeronautics, at 
Utah State College. 

Klein has served as Student Commit- 
tee chairman for the SAE Salt Lake 
City Group, and also served as faculty 
adviser for the SAE Student Club at 
Utah State College. 


CHARLES E. SHIELDS is now a de- 
sign and development engineer with 
the Radio Corp. of America. Previ- 
ously, he was a development engineer 
with Syntron Co. 
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MELVIN 8S. LANTZ is a product ap- 
plication engineer with Cummins En- 
gine Co., Inc., Columbus, Ind. He had 
been a Second Lieutenant with the De- 
partment of the Air Force, Sidney, 
Ohio. 


GEORGE B. COOVER is now in the 
engineering recruiting department at 
General Electric Co. He had been an 
application engineer in the aircraft ac- 
cessory turbine department at General 
Electric. 


FRED D. WILSON is now a project 
engineer, missile operations, Chrysler 
Corp. Formerly, he was with the Trac- 
tor and Implement Division of Ford 
Motor Co. as a project engineer. 


NELSON J. KREIDER is a project 
engineer, electro-mechanical, Avionic 
Division, John Oster Mfg. Co., Racine, 
Wis. His previous position was chief 
engineer and general manager, Dexter 
Machine Products Inc., Chelsea, Mich. 


STUART A. CAMERON is now a de- 
sign engineer with Hunter Engineering 
Co., Riverside, Calif. He attended New 
Mexico College of Agriculture and Me- 
chanic Arts. Cameron will work on 
instrumentation design. 


JOHN M. ROOP is now a service 
engineer with the Ford Division of Ford 
Motor Co. Prior to joining Ford, he 
was maintenance officer, 1st Motor 
Training Squardon, Department of the 
Air Force. 


GEORGE EWDOKIMOFF has joined 
Bell Aircraft Corp. as a structures en- 
gineer. Prior to this appointment, he 
was senior body draftsman, Central 
Engineering, Chrysler Corp. 


ROBERT N. COLLINS is now an in- 
structor in the mechanical engineering 
department at the University of Wis- 
consin. He had been a research engi- 
neer with Continental Oil Co., Ponca 
City, Okla. 


SAE Father and Son 


¥] 


ALBERT HOLZWASSER (right), president of Arrow Armatures Co., 
Boston, and SAE Publicity chairman for the New England Section, 
discusses committee work with son HARRY HOLZWASSER (left). 

Harry, a recent SAE acquisition, is sales manager at Arrow Arma- 


tures. 


He joined the company shortly after his return from ETO 


service in England, France, and Germany during World War II. 
The Elder Holzwasser is now serving his second term as chairman 

of the National Standard Parts Association’s Rebuilders Division. 

His activities in the automotive after-market include posts on the 


Anti-Monopoly Committee. 










































































































































































Greets New 


GM Stockholders 





















































































E. N. COLE (left), general manager of Chevrolet Motor Division, General 
Motors Corp., and E. H. KELLEY, manufacturing manager, are shown in 
conference with an important group of new General Motors stockholders. 


The new investors, 


60 highschool freshmen from Washington Irving 


School, Tarrytown, N. Y., pooled some 77 cents each to buy a share of stock 


as a class project. 


The Class of 60 Stock Co. took opportunity to talk with Chevrolet officials 
on their visit to Tarrytown to mark the production of the 36,000,000th Chev- 


rolet. 


LAWRENCE A. ZAHORSKY has 
been named chief components project 
engineer, White-Rodgers Co., St. Louis, 
Mo. Formerly, he was chief motor 
project engineer, Lear, Inc. 

Zahorsky has served as chairman of 
SAE Aircraft Electrical Motor Sub- 
Committee A-2M, and was a member 
of SAE Aircraft Electrical Committee 
A-2. 


DONALD R. LONG has joined the 
engineering staff of General Motors 
Corp. as a design engineer. Formerly, 
he was an instructor in the depart- 
ment of mechanical engineering at 
the University of Washington. 

Long was vice-chairman of the SAE 
Student Branch at the University of 
Michigan in 1947. 


JAMES E. GETZ is now assistant 
project automotive engineer at Stand- 
ard Oil Co. of Ind. Formerly, he was 
mechanical engineering research as- 
sistant, Ballistics Research Laboratory, 
Aberdeen Proving Ground, U.S. Army. 
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Both Cole and Kelley are past vice-presidents of SAE. 






EUGENE V. GRUMMAN has been 
appointed general superintendent for 
the Bullard Co. of Bridgeport, Conn. 
Previously, he was manager of quality 
control for the company. 

Grumman joined Bullard in 1943 as 
a sales contract engineer. Since then 
he has held various positions includ- 
ing process engineer, project engineer, 
supervisor of experimental develop- 
ment and research projects, and man- 
ager of the Subcontract Machining 
Division. 


F. E. WHERLEY is now service man- 
ager with Logan Mayhew, Ltd., Van- 
couver, British Columbia. Formerly, 
he was service manager for Ferguson’s 
Tractor and Equipment Co. 


JOSEPH R. LEJK, previously a sen- 
ior engineer in the research projects 
department of the Central Engineering 
Division of Chrysler Corp., is now a 
development engineer in the products 
engineering department of the Trane 
Co. 








DONALD J. MATHIAS is now me- 
chanical design engineer, Convair-Po- 


mona Division, General Dynamics 
Corp. Formerly, he was a junior project 
engineer, Moraine Products Division, 
General Motors Corp. 


WALTER SWARDENSKI has been 
made director of purchasing for Cater- 
pillar Tractor Co., Peoria, Ill. Prior 
to this new appointment, he was man- 
ager, purchasing general office, for the 
company. 


RICHARD R. LOVELL has joined 
Bendix Products Division, missiles, 
Bendix Aviation Corp. as spare parts 
supervisor in the project engineering 
group. 


PROF. ALFRED DEL VECCHIO is 
now in charge of a newly formed cur- 
riculum leading to the degree of bach- 
elor of mechanical engineering at 
Manhattan College. Del Vecchio has 
been a member of the Manhattan staff 
since 1946. 


CHARLES H. KANAVEL has been 
appointed field sales manager for B. F. 
Goodrich Aviation Products, a division 
of the B. F. Goodrich Co. He had been 
western zone manager, aeronautical 
sales, for the company. Kanavel has 
been with Goodrich since 1933. During 
World War II, he served as assistant 
manager of government sales in Wash- 
ington, and later as manager of the 
war products department. After serv- 
ice as manager of the industrial Tire 
and Track Division in Akron, he was 
transferred in 1946 to Los Angeles 
where he became district manager for 
equipment sales. He was appointed 
western zone manager, aeronautical 
sales, in 1954. 


HARLOW H. CURTICE, president of 
General Motors Corp., was the princi- 
pal speaker at the annual dinner of 
the American Institute of Consulting 
Engineers. 


RICHARD J. WILLS has been made 
field supervisor at General Electric Co. 
Previously, he was a field engineer with 
Sperry Gyroscope Co. 


HARRY BAUM has been named 
project manager in the Technical Writ- 
ing Service of the McGraw-Hill Book 
Co. He has been with the Technical 
Writing Service since 1954. 

Baum has also been elected to the 
board of directors of the Society of 
Technical Writers as district delegate 
from New York and New Jersey. 


WALTER J. HUCK, who was labora- 
tory supervisor, Long Mfg. Division, 
Borg-Warner Corp., has been made 
supervisor of special projects and test- 
ing for the division. He will supervise 
test setups and performance testing 
of new company products and design- 
ing of test equipment. 
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Ford Engineering 


The positions now held by 11 SAE 
members involved in recent additions 
to or changes in the Ford engineering 
staff are: 


HARLEY F. COPP, assistant chief 
engineer, product engineering office, 
Ford Division; 


ROBERT STEVENSON, director, en- 
gine and electrical engineering, Engi- 
neering Staff; 


HAROLD C. MacDONALD, chief en- 
gineer, product engineering office, Mer- 
cury Division; 


HAROLD W. JOHNSON, chief en- 
gineer, product engineering office, Lin- 
coln Division; 


J. W. FRENCH, executive engineer in 
charge of advanced engineering, Spe- 
cial Products Division; 


ROBERT B. ALEXANDER, design 
engineer, components engineering de- 
partment, special products engineering, 
Special Products Division; 


ROBERT O. WILLIAMS, design en- 
gineer, components engineering de- 
partment, special products engineering, 
Special Products Division; 


PAUL E. CHUBA, development engi- 
neer, components engineering depart- 
ment, special products engineering, 
Special Products Division; 


G. G. DESCAMPS, development en- 
gineer, car engineering department, 
special products engineering, Special 
Products Division; 


ROBERT R. PETERSON, assistant 
department manager, car engineering 
department, special products engineer- 
ing, Special Products Division; 


BENN D. KELLER, assistant depart- 
ment manager, Arizona Proving 
Ground; 


LEROY H. FRAILING, technical as- 
sistant, Michigan Proving Ground. 


JACK RYAN, JR. is now service 
manager for Denny Gilstrap Ford Co., 
Connersville, Ind. Previously, he was 
a service representative and instructor 
for Ford Motor Co. 


I. S. VAN WART has joined Boeing 
Airplane Co., Seattle, Wash., as a de- 
sign engineer. Previously, he was a 
project engineer with Chrysler Corp. 
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ALFRED S. JOSSI is now a research 
engineer with Convair Astronautics Di- 
vision, General Dynamics Corp. Be- 
fore joining Convair, he was senior en- 
gineer, defense engineering, Chrysler 
Corp. 

Jossi has served as chairman of the 
Junior Section Speakers Committee in 
the SAE Detroit Section. 


GEORGE F. DIXON, previously with 
the Clark Equipment Co., is now mis- 
sile mechanical systems engineer for 
Boeing Airplane Co. at the Air Force 
Missile Test Center, Patrick Air Force 
Base, Coco, Fla. 


EUGENE 8S. MURPHY is now a proj- 
ect engineer with Rockford Clutch Di- 
vision of Borg-Warner Corp. Prior to 
joining Borg-Warner, he was a project 
engineer with Allison Division of Gen- 
eral Motors Corp. 


WALTER A. HORNER, JR. is now 
assistant staff engineer, production, 
Chevrolet Motor Division, General 
Motors Corp. He had been resident 
engineer for Chevrolet Division. 


PRESTON T. TUCKER, JR. is now 
senior manufacturing engineer for 
Rocketdyne Division of North Ameri- 
can Aviation Co. Formerly, he was as- 
sistant general manager, Ypsilanti Ma- 
chine and Tool Co. 


RALPH B. BEARDSLEY has been 
made factory manager for Ramsey 
Corp., St. Louis, Mo. Previously, he 
was project manager at the Piston 
Ring Division, Thompson Products, 
Inc. 


H. A. FRANKE, manager of the 
automation department of the Ford 
Stamping Plant, Buffalo, New York, 
delivered a talk entitled “Automation 
for Stampings” before a meeting of 
the Teachers of the State of New York 
on October 26, in Buffalo. 

Franke pointed out why automation 
has found its usefulness in American 
industry, and how it has already raised 
the nation’s standard of living. He 
called on educators at the high school 
level to encourage young men to adopt 
engineering as a career. Franke pre- 
dicted that in 1975 the population of 
the United States will be around 220 
million and that only with improved 
machines—automation—can we main- 
tain and improve our standard of living 
while trying to supply this potential 
market. 

He described operations at the Ford 
Stamping Plant which are based on the 
concept of production as a continuous 
flow rather than processing by inter- 
mittent batches or work. Many burden- 
some hand operations have been elim- 
inated, making it possible to operate 
the equipment faster and with more 
safety. 

Franke is chairman of the SAE Pro- 
duction Forum which will be held in 
Buffalo, March 20-22, 1957. 


Kinzel 


DR. AUGUSTUS B. KINZEL, vice- 
president in charge of research at 
Union Carbide and Carbon Corp., has 
been elected 1958 president of the 
American Institute of Mining, Metal- 
lurgical, and Petroleum Engineers. 

Dr. Kinzel has been actively engaged 
in research work with Union Carbide 
for the past 30 years. His research 
contributions have covered a wide 
range of activities in the fields of 
metallurgy, industrial gases, and 
atomic energy. 

One of the country’s leading re- 
search metallurgists, Dr. Kinzel pio- 
neered in the theory of stainless steels. 
His work on deoxidizing and alloying 
elements pioneered the structural low 
alloy steels and new ferro alloys and 
provided major advances in the weld- 
ing and cutting of steel. Recently, he 
spearheaded the research that led to 
the development of Union Carbide’s 
new process for making titanium metal. 
More than 40 patents have been issued 
in his name. 


BURKE STARKS has been made 
master engineer, powerplant, Mid-Con- 
tinent International Airport, Trans- 
World Airlines, Inc. Previously, he 
was senior engineer, powerplant, at 
Mid-Continent International Airport. 


FLOYD O. MILES has been made 
general manager, wholesale marketing 
department, D-X Sunray Oil Co., a 
subsidiary of Sunray Mid-Continent 
Oil Co. Previously, he was executive 
vice-president and manager of Valley 
States Oils, Inc., also a subsidiary of 
Sunray Mid-Continent Oil Co. 


O. E. RODGERS has been made 
chief engineer, Utica-Bend Corp., a 
subsidiary of Curtiss-Wright Corp. 
Prior to this new appointment, he was 
assistant general manager and chief 
engineer, Government and Industrial 
Division, Studebaker-Packard Corp. 

Rodgers was a member of the SAE 
Aircraft Engine Division for a number 
of years. 





COOPERATIVE ENGINEERING PROGRAM 


NEWS 


To Assist Technical Board... 


. . . two new committees are pointing to- 
ward more active and more uniform han- 
dling of technical committee projects and 


publications. 


HE SAE Technical Board has es- 

tablished two new committees. 

One of these will develop and 
Suggest guideposts for operation 
of SAE technical committees.. The 
other will establish policies rela- 
tive to publication of technical 
committee reports. 

The two groups are the Tech- 
nical Board’s response to a need 
increasingly recognized by mem- 
bers long associated with tech- 
nical committee activities. Ex- 
perienced workers on such com- 
mittees, through constant expo- 
sure to procedures existing in 
particular committees, have 
learned to steer their committees 
successfully by intuition. But 
they have not always been able to 
operate with a minimum amount 
of lost motion. 

Both new committees are al- 
ready hard at work developing 
their recommendations for the 
Board. 

THE TECHNICAL COMMITTEE 
GUIDEPOSTS COMMITTEE is 
working toward a well-focused de- 
scription of successful technical 
committee operations, which 
would include: 


(1) Objectives of technical 
committee activities 
(such as development of 
standards and other 


. Trevor Davidson 


Chairman 


Technical Committee 
Guideposts Committee 


technical publications) ; 
Outline of requirements 
for preparation of a 
scope for a committee; 
Description of require- 
ments for committee 
membership—and re- 
sponsibilities of commit- 
tee members; 

A recommended organi- 
zation for a typical tech- 
nical committee; 
Description of duties of 
committee officers and 
of the functions of an 
SAE staff representative; 
Typical procedures illus- 
trating the handling of 
a project (including in- 
structions on meetings, 
agendas, minutes, and 
voting) ; 

Relationship of SAE 
technical committee rep- 
resentation on outside 
activities (such as ASA, 
ASTM, CRC, and others). 


C. F. Arnold 


Chairman 
Technical Board 
Publication Policy Committee 


The suggested guideposts will 
include definitions of the various 
types of publication which might 
result from technical committee 
activity. These will guide tech- 
nical committees to select the 
most appropriate means of con- 
veying their work to the Society. 

THE PUBLICATION POLICY 
COMMITTEE of the Technical 
Board, functioning on a perma- 
nently active basis, will guide and 
promote the effective dissemina- 
tion of material produced under 
Technical Board auspices. 

At its first meeting, the PPC dis- 
cussed, for example, the advisabil- 
ity of changing the Handbook 
publication date from its tradi- 
tional May to December. As a re- 
sult, the PPC favors this change. 
Its chief reason: January Hand- 
book publication would shift to 
the June Technical Board meeting 
final approval of projects to be in- 
cluded in the Handbook. Thus 
nine solid months from September 
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to June would be available for de- 
velopment of projects by technical 
committees. (Currently, these 
final approvals must come at the 
Board’s January meeting... and 
the nine months preceding that 
meeting include three summer 
months which, in a practical 
sense, are not available for prog- 
ress on technical committee proj- 
ects.) 

Other reasons for favoring the 
change, include: 


(1) The change would have 
the effect of advancing 
publication date of ap- 
proved reports; and 
Issuance shortly after 
annual dues payment 
will tend to increase ap- 
preciation of members 
of the services offered by 
the Society. 


Only drawback PPC can see to 
changing the Handbook publica- 
tion date from May to December 
is temporary in character. In the 
year that the shift is made, the 
preceding Handbook will have to 
remain in effect for about 18 
months. 

To insure full exploration of the 
Handbook publication date prob- 
lem, PPC is canvassing the chair- 
men of all SAE technical commit- 
tees to get their reactions. All 
comment from committee chair- 
men will be submitted to the 
Technical Board by the PPC along 
with its own recommendations. 

PPC, in its early deliberations, 
has also recognized lack of public- 
ity for new technical reports and 
recent changes in existing stand- 
ards as one shortcoming in cur- 
rent technical committee proce- 
dures. So, it will explore possible 
changes of method for keeping 
SAE members informed. Under 
consideration are such possibili- 
ties as news letters and more ac- 
tive use of SAE Journal facilities 
for bringing Society news to mem- 
bers. 

PPC hopes also to develop poli- 
cies on the issuance of technical 
committee reports in advance of 
Handbook publication, where suf- 
ficient urgency exists to warrant 
interim publication. 

To sum up, PPC is trying to in- 
crease the SAE’s value to its mem- 
bers by focusing attention on ma- 
terial available from _ technical 
committee activities. It hopes 
also to aid in enlisting active sup- 
port for future technical commit- 
tee development. 


(2) 
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CRC Tests Hot-Weather 
Fuel-Performance Action 


TECHNIQUE for the evaluation of 

hot-weather fuel-handling difficul- 
ties in passenger-car operation is pre- 
sented in CRC report (CRC-289), 
“Passenger-Car Hot-Weather Fuel- 
Handling Difficulties—Indio, Califor- 
nia, 1953.” 

Investigation of acceleration per- 
formance, hot-starting, idle perform- 
ance, and city-traffic operation was 
made under very specific conditions. 
Tests were run on eleven 1952 and 1953 
cars to establish performance-limited 
fuel volatilities on both a pentane and 
a butane fuel series. 

The following conclusions were made 
as a result of this analysis: 


1. No single type of operation em- 
ployed in these tests detects the mini- 
mum hot-weather fuel-handling abil- 
ity of all vehicles. 

2. The fuel volatility for the limiting 
type of operation in each car, as ex- 
pressed in terms of Reid vapor pres- 
sure, was consistently lower on the 
pentane fuel series than on the butane 
fuel series. However, the differences 
in these minimum Reid vapor pressure 
values between the two series of fuels 
were not uniform from car to car, nor 
from one type of operation to the 
other. 


In general, the test results on these 
cars show that: 


1. In acceleration tests there is 
greater hot-fuel-handling difficulty 
with increasing fuel volatility. The 
minimum Reid vapor pressure at which 
difficulty was encountered was lower in 
most cases using the pentane fuel 
series. 

2. Hot-starting performance appears 
independent of vapor-forming charac- 
teristics of the fuel within each fuel 
series. But quicker hot-starting is 
given with the butane fuel series. 

3. During idle test in which stalling 
and/or lock is encountered, there is a 
greater tendency to stall and/or lock 
on the higher volatility fuels of the 
pentane series. Since stalling was en- 
countered in only one instance using 
the butane fuel series, idling perform- 
ance is considered independent of fuel 
volatility for this fuel. 

4. During city-traffic tests where 
stalling and/or lock occurred, there 
was a greater tendency to stall and/or 
lock on the higher volatility fuels of 
the pentane series. Since there was no 
stalling or lock for the butane series, 
it is concluded that performance is in- 
dependent of fuel volatility within the 
range tested. 


CRC-289 contains 160 pp, including 
graphs, charts, and tables. It is avail- 
able from SAE Special Publications 
Department. Price: $5 to members, 
$10 to nonmembers. 


Bonas Retires; Receives Plaque 





At a recent meeting of SAE Committee A-4, Aircraft Instruments, the retiring 
chairman, William K, Bonas (left) was presented by the committee with a plaque 


in appreciation of his fine efforts and cooperation in their behalf 
Bergen (right), executive vice-president of Glenn L 


presentation 


William B. 


Martin Co. made the 





R. DONALD N. FREY, associate di- 

rector, Scientific Laboratory, Ford 
Motor Co., Engineering Staff, received 
the Russell S. Springer Award for be- 
ing the youngest author of a paper 
published in the 1956 SAE Transac- 
tions. His paper, “New Alloys for Au- 
tomotive Turbines,” was presented at 
the SAE Annual Meeting, Detroit, Jan. 
10, 1956. 


Presentation at Detroit Section 


The presentation was made on No- 
vember 19 at a meeting of the Detroit 
Section. Russell F. Sanders, vice- 
chairman of the Section, introduced 
Muir Frey, who then surprised his son 
by making the presentation. Muir 
Frey is the 1957 SAE vice-president- 
elect for Engineering Materials Ac- 
tivity. 

The Springer Award, established by 
the SAE Council in 1954, grew out of 
a $5000 bequest to the Society by the 
late Russell S. Springer. As winner 
of the Award, Dr. Frey received $100 
in addition to a plaque. 


MICHELL 


Gives 


1956 
Buckendale 


Lecture 


Muir L. Frey (left) congratulates his son, Dr. Donald N. Frey, after presenting him with the 
Russell S. Springer Award for 1956 at a meeting of the Detroit Section on November 19. 


~ 


William P. Michell (third from left), chief development engineer, Toledo Division, Dana Corp., 
is shown receiving plaque from SAE Past-President Dale Roeder (second from left), who was 
chairman of the Buckendale Lecture Committee that chose Michell to give the Lecture. At left 
is E. P. Lamb, present chairman of the Buckendale Lecture Committee. To the right of Michell 
are E. P. Petsch, member of the Committee, and Read Larson, vice-chairman of Student Section 
Activities, SAE Metropolitan Section. The Met Section sponsored the meeting at which the Lec- 
ture, “New Drive Lines for New Engines,” was given, on November 20. 
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SAE National Meetings 
1957 


January 14-18 
Annual Meeting and 
Engineering Display 
The Sheraton-Cadillac 
and Statler Hotels 
Detroit, Mich. 


March 5-7 
Passenger Car, Body, and 
Materials Meeting 
The Sheraton-Cadillac 
Detroit, Mich. 


March 20-22 
Production Meeting and Forum 
Hotel Statler, Buffalo, N. Y. 





Motor Coaches of 1961 to 
Sport Many New Features 


Based on paper by 


R. H. BERTSCHE 


UMC Truck and Coach Division, 
General Motors Corp 


HE heavy transit coach and the in- 

tercity coach of five years hence will 
be “horses of a different color” sport- 
ing many new features. 

The future heavy transit coach will 
be equipped with an exterior lighting 
system consisting of four head lamps 
and the usual corner markers with 
perhaps two additional amber side 
markers; front, side, and rear direc- 
tional signals; and, two tail lamps and 
two stop lamps. These will have im- 
proved photometric characteristics and 
some may use larger bulbs which will 
be mechanically improved to reduce 
the time required to rebulb when nec- 
essary. 

The interior will be lighted by a 
fluorescent system providing an at- 
tractive, comfortable, warm white 
light, shadowless and without glare. 
Minimum incandescent standby light- 
ing with automatic changeover will be 
provided. To increase the legibility of 
the destination sign, it too will be 
equipped with fluorescent tubes. 

The driver’s instrument panel will 
contain an air gage and an electric 
speedometer which is different from 
ones now in use and which has spe- 
cifically been designed to run a very 
long time without attention. Telltale 
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April 2-5 


Aeronautic Meeting, 

Aeronautic Production Forum 

and Aircraft Engineering Display 
Hotel Commodore, New York, N. Y. 


June 2-7 


Summer Meetin 


Chalfonte-Haddon Hall 
Atlantic City, N. J. 


August 12-15 


West Coast Meeting 
Olympic Hotel, Seattle, Wash. 


September 9-12 


Tractor Meeting and 
Production Forum 
Hotel Schroeder, Milwaukee, Wis. 


lights of an enunciator system will 
warn the driver of unsafe operating 
conditions. 

The coach will be equipped with an 
efficient heating and ventilating sys- 
tem designed to supply an adequate 
amount of fresh heated air. This sys- 
tem will be automatic in operation 
and will be one of the major consumers 
of electric power. 

All motors will be of high grade con- 
struction with sealed ball bearings and 
will require little attention and no 
lubrication for long periods of time. 

Rear doors will be of the push type 
eliminating the need for electrical 
safety equipment such as treadles and 
sensitive edges. 

The very heavy electrical load of 
this coach will be supplied by an en- 
gine driven alternator which must be 
able to carry the major part of the 
load at idle. This machine will require 
something other than conventional 
cooling and will be enclosed to protect 
it from foreign substances. It will be 
designed and built to run between en- 
gine overhauls without attention or 
lubrication. It will be controlled by a 
static voltage regulator which will give 
very close control and which will go 
for very long periods of time, perhaps 
even the life of the coach, without 
attention. 

The starting system will be electric, 
with an improved 12 or 24 v starting 
motor. This unit will also be capable 
of going without attention between en- 
gine overhauls. 

The battery will be of the lead acid 
type and in spite of the much greater 
electrical requirements of the coach, 
will not be larger and may even be 


















October 1-5 
Aeronautic Meeting, 
Aircraft Production Forum, 
and Aircraft Engineering Display 
Ambassador, Los Angeles, Calif. 


November 4-6 
Transportation Meeting 
Hotel Statler, Cleveland, Ohio 


November 5-6 
Diesel Engine Meeting 
Hotel Statler, Cleveland, Ohio 


November 6-8 
Fuels and Lubricants Meeting 
Hotel Statler, Cleveland, Ohio 


smaller than present batteries. Be- 
cause of generator and regulator char- 
acteristics, it should not require as 
much attention as it does at present. 

The typical intercity coach of the 
same year, particularly those in long 
distance express service, will have ex- 
terior lighting systems the same as 
those on the transit coach. Reading 
lamps will continue to be the incan- 
descent spot type now used. General 
lights may be of the fluorescent type 
powered from a 60 cps inverter which 
will be required for other equipment. 

Heating and cooling systems will be 
improved in detail but will essentially 
be the same as at present. 

Some form of passenger entertain- 
ment such as tape players or radios, 
neither containing vacuum tubes, will 
be provided. Many coaches will use 
public address systems equipped with 
static amplifiers which use neither 
transistors nor vacuum tubes. Tele- 
vision may also be used although many 
engineering problems must first be 
solved. 

Lavatories will be quite common and 
some form of good service will be pro- 
vided. This may take a form similar 
to that used by the airlines or be done 
by automatic dispensing machines. In 
either case electrical refrigerating and 
heating units will be required. These 
will probably be adaptations of 60 cps 
commercial units whose current re- 
quirements will be supplied by an in- 
verter run from the coach electrical 
system. 

The primary source of current will 
be an engine driven alternator similar 
in design to that used on the transit 
coach. In order to standardize, it is 
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probable that the same machine will 
be used on both types of vehicles. 
Other items of electrical equipment 
will be the same or similar to that used 
on transit coaches and will be designed 
and built to have the same reliability 
and freedom from maintenance. (Pa- 
per “Trends in Motor Coach Electrical 
System” was presented at SAE Na- 
tional Transportation Meeting, Oct. 
1956. It is available in full in multi- 
lith form from SAE Special Publica- 
tions Department, 485 Lexington Ave., 
New York 17, N. Y. Price: 35¢ to 
members, 60¢ to nonmembers.) 


Servo Test Provides 
Mock Flight Conditions 


GEORGE R. KELLER 
and 
ELLIOTT R. BUXTON 


DYNAMIC load simulator, designed 

for loading a servo for ground test- 
ing under flight conditions, is shown 
in Fig. 1. The servo moves a bell- 
crank to which are attached large 
over-hung weights. These weights 
represent the inertia of the surface. 

Movements of the bellcrank from its 
neutral position also force oil out of 
loading cylinders into air-oil accumu- 
lators. Compression of the air fur- 
nishes a spring reaction force which 
simulates the wind-loading of the sur- 
face. The rate of this loading varies 
with flight altitudes and Mach Num- 
ber, and the variation can be provided 
on the simulator by changing the air 
pre-load pressure in the accumulator. 
By using proper test instrumentation, 
the dynamic transient and frequency 
response characteristics of the servo 
can be tested over all expected flight 
conditions. 

The culmination of the ground test- 
ing comes when the techniques of the 
power servo engineer and the dynam- 


Fig. 1—Dynamic load simulator, designed to 
load a servo for mock flight testing. Can be 
used to simulate all expected flight conditions. 
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icist are wedded. This can be done, 
among other ways, by coupling load 
simulators to analogue and digital 
computors and to the electromechan- 
ical portions of the flight control sys- 
tem. The airframe equations are 
mechanized on the computers. Flight 
programs can be fed into the comput- 
ers and the airframe effects applied 
to the flight control sensing elements. 
Corrective signals are then applied to 
the servos. The proper performance 
of the servos then proves the complete 
system. 

This proving system is particularly 
useful when environmental conditions 
such as temperature and pressure var- 
iations can be applied to the load sim- 
ulator. In such cases, the whole train 
of development thought—from the air- 
craft dynamics through the component 
and system design to the flight en- 
vironment—can be tested for service 
validity. (Paper, “The Synthesis of 
Aircraft Hydraulic Servos” was pre- 
sented at SAE National Aeronautic 
Meeting, Los Angeles, October 1956. 
It is available in full, in multilith form, 
from SAE Special Publications De- 
partment, 485 Lexington Ave., New 
York 17, N. Y. Price: 35¢ to members; 
60¢ to nonmembers.) 


New Wings Need New 
Production Techniques 


W. R. SLAGG 


iN 


EW airplanes require wings designed 

specially for their new high speed 
functions. For example, the fighter 
plane—with its thin wings and high 
loading intensity—needs a thick in- 
tegral skin wing, while the transport 
plane needs a stringer skin design. 
Other airplanes fit into the intermedi- 
ate group calling for various combina- 
tions of both. 

Old type wing designs and new load- 
ing requirements would necessitate 
wings of immense weight. However, 
recent development of material, pro- 
duction, machining techniques, and a 
bolder approach to the design allows us 
to obtain more favorable wing weight- 
load ratios. 

For example, the engineer can make 
a topographical map of stress distri- 
bution in a thick skin wing panel. 
Automatic skin milling machines can 
duplicate the required skin gages as 
taken from the topographical map. 

Forming of heavy skins poses prob- 
lems, particularly where contouring to 
a high degree is required. Of the 
many forming techniques, such as roll- 
ing, braking, stretching, and shot 
peening, each has its application. On 


most thin wings the structural skins 
require only a small amount of con- 
touring. During the machining of in- 
tegral skins a certain amount of resid- 
ual stresses, built into the material 
during its manufacture, can be re- 
lieved, giving a slightly contoured skin. 
In addition, since the parts are not 
completely contoured; the remaining 
contouring can be accomplished during 
the final assembly operation. This 
causes a splinning effect to take place 
over the skin surface, thus giving a 
rather smooth, wave-free contour. 

The forming of heavy skins in jigs 
actually builds a certain amount of 
stress into the wing skin. However, in 
thin, highly stressed wings, the upper 
and lower skins are very nearly the 
same gage, so most of these residual 
stresses are balanced between the up- 
per and lower surfaces. The rest are 
left to rib design. Since stringers, rib 
caps, spar caps, and main wing attach 
fittings are integral with the skins, 
fatigue is reduced. 

Six rules for designing and manu- 
facturing modern aircraft wings at 
reasonable cost are as follows: 


1. The new design should be studied 
and analyzed before release, for 
the purpose of: 

a. Reducing the necessity for as- 
sembling in enclosed areas. 
b. Eliminating complicated bayo- 
net type carry-through fittings. 
c. Reducing the use of right- 
angle drilled clips. 
. Eliminating as many shims 
and doublers as possible. 
. Reducing the number of parts 
which have to be hand-located. 
. Determining the need for new 
or special tools, equipment, and 
processes. 
Schedule prototype as early as 
possible and accelerate slowly in 
order to allow time for corrective 
action. 
Set up an aggressive follow-up 
program to correct errors and as- 
sist in solving manufacturing dif- 
ficulties. 
Time studies should start with the 
first airplane in order to pinpoint 
these operations which offer the 
greatest opportunity for making 
improvements which will result 
in cost reduction. 
Manufacturing Supervisors should 
develop rough job breakdowns 
prior to start of assembly. These 
should be refined on first and 
subsequent assemblies and used 
for worker assignment. 
Each supervisor should work to a 
direct labor budget, which is his 
share of hours allocated from the 
estimates made for the whole as- 
sembly. Reports should be issued 
regularly showing performance 
against these budgets. 


(This article is based on the secre- 
tary’s report of the panel Wings which 
was presented at the SAE Aeronautic 

Continued on page 109 
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Arrangements Committees 
Tackle Reservations Problem 


Financial loss caused by dinner 
attendance on meeting-nights not 
coming up to minimums guaran- 
teed to the hotel is not a problem 
with Montreal Section. 

Success in avoiding loss is at- 
tributed to two factors—a well 
organized and live telephone com- 
mittee working under membership 
chairman G. L. Blain, and a very 
diplomatic and persuasive ar- 
rangements chairman Maurice 
Bourgault. 

The telephone committee is 
large enough to give each member 
only nine or ten names to call. 
Rule number one for the commit- 
tee is that phone checks will be 
made by committee members and 
not their secretaries. Each tele- 
phoner’s list is made up of mem- 
bers whom he contacts fairly reg- 
ularly in his daily business. This 
helps to get more members out to 
meetings and assures a more ac- 
curate forecast of attendance. 

Phone committeemen report 
their attendance promises to ar- 
rangements chairman Bourgault 
who makes up the total forecast 
and discounts it judiciously before 
making final arrangements with 
the hotel’s head chef. 

Chairman Bourgault aims at 
keeping his forecast just a little 
under actual attendance. (The 
hotel can always find food for the 
unexpected guest!) This keeps 
relations with the head chef on a 
cordial basis and assures the Sec- 
tion of his understanding coop- 
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eration on the rare occasion when 
attendance does slip under the 
guarantee. 


Reservations by Telephone 


A similar solution to the prob- 
lem was evolved by members of 
the Arrangements Committee in 
the Washington Section. For the 
past two years, that Section has 
required that reservations be 
made by telephone with a dead- 
line of a day before the meeting. 
An estimate is provided for the 
hotel with roughly a 10% increase 
over the number of telephone 
reservations. The telephone res- 
ervation service in the Washing- 
ton Section is provided through 
the courtesy of one of the com- 
panies whose representatives are 
active Section participants. 

Other Sections’ Arrangements 
Committees, for the most part, 
work through a system of dinner 
reservation cards plus a reason- 
able discount for those who prom- 
ise to but don’t attend. Several 
Sections have an understanding 
with the hotel that a plus or 
minus difference of approximately 
10% will be tolerated. 


Last-Minute Guarantees 


San Diego and Southern Cali- 
fornia Sections have succeeded in 
securing a last minute guarantee 
arrangement. Southern Califor- 


nia Section, at noon on the day of 
the meeting, gives a guarantee to 
the hotel, based on actual reser- 
vations received to that hour, less 
10% for no-shows, but asks the 
hotel to set up for approximately 
15% more than the number guar- 
anteed. The Section continues to 
take reservations and cancella- 
tions by phone until 4:00 p.m. and 
gives the final guarantee at that 
time. 

Metropolitan Section Arrange- 
ments Committee members feel 
that they have solved their par- 
ticular problem by taking the 
meetings out of the hotels and 
holding them in a restaurant that 
is looking for this type of business. 
The restaurants have been more 
cooperative than hotels in the 
matter of dinner guarantees. As 
a result of this policy, Metropoli- 
tan Section has not had to pay for 
a single unclaimed dinner at any 
of its regular dinner meetings. 

Some Sections, in an effort to 
make members more conscious of 
the reservation problem, charge a 
standard price for advance reser- 
vations, and a higher price for 
those sold at the door. One Sec- 
tion accepts only reservations 
which are accompanied by a 
check to cover the price of the 
dinner, while another Section sells 
dinner tickets in advance of the 
meeting. Ultimately, the solution 
to the problem of unmet guaran- 
tees lies with the individual mem- 
bers. A greater awareness on the 
part of members that unpaid din- 
ner reservations is a drain on the 
entire Section will, undoubtedly, 
arouse in each member a sense of 
responsibility to the other mem- 
bers and enable the Section’s Ar- 
rangements Committee to operate 
more effectively. 


103 





From Section Cameras 


Salt Lake City 


oe trends in passenger-car de- 
sign, truck design, earth moving 
equipment design and the effect of 
such trends upon tire design was the 
theme of a talk given at the Nov. 19 
meeting of the Salt Lake City Group. 
Guest speaker was K. L. Campbell, 
manager of truck tire engineering for 
the Firestone Tire and Rubber Co., 
Akron, Ohio. 


CANADIAN 


Ci 


ééThe Story of the Tubeless Tire” was 
unfolded by William B. Flora, vice- 


president, sales, B. F. Goodrich, Canada 
Ltd., at the November meeting of the 
Canadian Section. 

Special guest at the meeting was J. 
L. Stewart, who was presented a certif- 
icate honoring his 25 years of member- 
ship in SAE. Stewart served as chair- 
man of the Canadian Section in 1933- 
1934. 


WICHITA 


” 


ichita Section members heard three 

representatives of Lear, Inc. discuss 
three different phases of air power at 
the Section’s November meeting. W. 
W. Williams, chief design engineer, ro- 
tary actuators and servos, spoke on 
“Air Motor Powered Actuation Sys- 
tems.” William Stubbs, project engi- 
neer, air inlet and thrust reversers, 
presented a paper entitled “Supersonic 
Air Inlet Controls.” Dunstan Graham, 


E. E. Klein (right), contact engi- 
* neer in the engineering department 
of Argonaut Realty Division, General 
Motors Corp., describes a plan of the 
GM Technical Center at the Nov. 12 
joint meeting of Syracuse Section and 
the Technology Club of Syracuse. 
Standing left to right are: L. Schnau- 
fer, Argonaut Realty Division, Gen- 
eral Motors Corp.; Edward Hannon, 
Section vice-chairman; Prof. William 
P. Crane, president, Technology Club 
of Syracuse; and Richard Sturley, 
Section Meetings chairman. 


Mid-Michigan Section Chairman 

* Earl Wilson, Jr. (right) and Sec- 
tion Program Chairman Frank Pritch- 
ard (left) pose for a photo at the 
Section’s Nov. 5 meeting with guest 
speakers Thomas J. Defoe (center 
left), vice-president and general man- 
ager of Defoe Shipbuilding Co., and 
E. A. Anderson (center right), Com- 
mander USNR, resident supervisor of 
shipbuilding at Defoe. 

The meeting included a tour of the 
Navy’s newest destroyer escort now 
under construction, the “USN Lester.” 

Defoe related the many problems in- 
volved in the construction of the de- 
stroyer escort and methods used to cut 
time and expense in getting out the 
finished vessel, while Anderson, de- 
scribed the latest improvements Which 
resulted in higher crew morale and 
conveniences throughout the ship. 


project engineer of automatic flight 
controls, gave a talk on “Automatic 
Flight Controls.” 
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ae 


AE Student members were in the 

spotlight at the November meeting 
of the Philadelphia Section. Student 
Activity Chairman Karl Green out- 
lined to the student membership the 
four related fields in which Philadel- 
phia Section participates, namely, 
Truck and Bus, Transportation, Air- 
craft, and Fuels and Lubricants. 

Green further elaborated on the ac- 
tivity of SAE in each of the fields, thus 
giving the engineering students a vision 
of what the Society is doing and some 
of its goals. 

William Kaplan, American Oil Co., 
commented on the sports car trend in 
America and presented a color film of 
the 1955 Sebring Road Race. 
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University of Cincinnati SAE Stu- 

+ dent Branch members were recent 

guest of Armco Rolling Mills in Mid- 

dletown, Ohio where they were treated 
to a three hour inspection tour. 


2? Indiana Technical College SAE 
* Student Branch members sur- 
round John J. Thornton of the Fellows 
Gear Shaper Co. as he explains his 
gear display to the group at the Fall 
Term Banquet which was held on 
Nov. 6. 

The program, “Highlights of the Art 
of Generating and Gear Manufactur- 
ing Equipment,” included a presenta- 
tion of films which explained the prin- 
ciples of gear generation. 


DETROIT 


New Rules for 
FordMemorialAward 


The rules of the Henry Ford Memo- 
rial Award have been modified to en- 
courage wider participation in this an- 
nual contest sponsored by the SAE De- 
troit Section. No longer will the au- 
thors be restricted to engineering in- 
vestigations with which they have been 
directly associated. Instead, a paper 
on any subject related to automotive 
ground vehicles will be eligible. This 
broadened scope should provide an op- 
portunity for many more young engi- 
neers to compete for this honor. 

The Henry Ford Memorial Award is 
open to any SAE members under 33 
years of age and papers from all meet- 
ings of the Society, both Section and 
National will be considered by the 
award committee. 

The new rules effective on papers 
presented after June 1, 1957, are stated 
as follows: 


1. This award was established 
and is administered by the De- 
troit Section. All members of 
the Society of Automotive En- 
gineers, regardless of their 
Section or non-Section affilia- 
tions, are eligible for the 
award, subject to the follow- 
ing rules. 

. Eligibility for the award shall 
be restricted to members, re- 
gardless of membership grade, 
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who are under thirty-three 
years of age at the time they 
enter papers in the competi- 
tion. 

. The award shall be made to 
the author of an original pa- 
per which has been presented, 
or is suitable for presentation 
to an SAE meeting. In the 
case of co-authored papers, 
both or all co-authors must 
comply with the same eligibil- 
ity requirements as a single 
author. 

. The content of competing 
papers is limited to subjects 
related to automotive ground 
vehicles. 

5. All eligible papers presented 


to any meeting of the SAE 
including its Sections, or sub- 
mitted to the award commit- 
tee, during the SAE Detroit 
Section year of June 1 to May 
31, are to be considered by the 
award committee. 

In any one year, when the 
excellence of more than one 
paper justifies it, the award 
committee may designate a 
“second order of merit.” A 
paper so designated is eligible 
to compete for the award in 
the next succeeding year. 


. Three years must elapse after 


receiving the award before the 
same author is again eligible 
for competition. 
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“The Design and Development of 

5 e « Aluminum Engines” was the sub- 
ection ject discussed by James M. Smith, 
head of the automotive engineering 


section, Aluminum Co. of America at 
the Nov. 26 meeting of the South 


Cameras Texas Group. 


Featured speaker at the Nov. 5 

* meeting of the Mid-Michigan 

Section was Lt. E. D. Mulcahy, who 

based his remarks on an article en- 

titled “‘Sea-Borne Deterrent” by George 

Fielding Eliot as taken from the U. S. 
Naval Institute Proceedings. 

















Mohawk-Hudson Section Chair- 
+ man L, F. Smith (eft) welcomes 
George W. Gibson, Jr., (center), as- 
sistant chief engineer of car opera- 
tions, Dodge Division, Chrysler Corp., 
to the Dec. 6 meeting, while Harold 
Craig, Section past-chairman looks on. 
Gibson’s topic was “Automobile Design 
and Public Preference.” 
















The effects of heat ranges in 

* spark plug operation on engine 

performance were vividly described by 

A. A. Weinberg, service engineer, 

Champion Spark Plug Co., at Northern 

California Section’s November meet- 
ing. 













Following speaker Weinberg’s talk, 

« Frederick Agabashian, also of 

Champion Spark Plug Co., used a 

Champion test engine to demonstrate 

his talk on automotive developments 
on and off the racetrack. 












Preceding the discussicn, E. Roger 

* Burley was presented an award 

honoring his 35 years of membership 

in SAE. Plaques commemorating 25 

years of service to the Society were 

also presented to W. H. Sievert and C. 
H. Yackey. 
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K. L. Campbell, manager of truck * 
eee onetoce tees From Section Cameras 
Rubber Co., predicts “Trends in Tire 
Design” at the Nov. 14 meeting of the 
Twin City Section. 









At the same meeting F. W. Ander- 

+ son (right), president, Northwest- 
ern Motor Co., receives a plaque hon- 
oring his 35 years of membership in 
SAE from D. D. Hornbeck (left), Sec- 
tion vice-chairman. Norman Ness, 
standards engineer, Minneapolis-Mo- 
line Co., was also honored with a 
plaque, in absentia, for his 25 years 
membership in the Society. 


















Frank P. Gross, Jr., new member 

- of SAE in the Texas Gulf Coast 
Section, receives a membership pin 
from W. B. Tilden, Section secretary, 
at the Nov. 9 meeting. Others at the 
table from left to right are: R. F. Wil- 
son, Section vice-chairman; Donald 
Wing, technical chairman for the 
meeting; D. H. Carson, Goodyear Tire 
and Rubber Co., who discussed “The 
Technical Aspects of the Tubeless Tire 
Story”; and O. H. Stelter, Section 
Meetings chairman. 











Honored guest at Oregon Sec- 

- tion’s annual banquet and inau- 
guration of officers dinner, held on 
Nov. 10, gather for a “not so formal” 
Journal photograph. Left to right 
are: Elmer Sowers, Section secretary: 
Julius Gaussoin, master of ceremonies; 
E. W. Rentz, Jr., manager, SAE West- 
ern Branch Office; Edward Werlein, 
Section chairman; Chester Hancock, 
Section vice-chairman; and Victor L. 
Brandt, Section treasurer. 





















Seated at the speakers’ table for 
* the Dec. 6 meeting of the Twin 
City Section are left to right: Thomas 
E. Murphy, Placement and Student 
chairman; Charles A. Amann, research 
staff, gas turbine department, General 
Motors Technical Center, General Mo- 
tors Corp., who spoke on “Regenerative 
Whirlfire Engine for Firebird II’; and 
S. H. Knight, Section chairman. 
Murphy is a professor at the Univer- 
sity of Minnesota and Amann is a 
former student of Professor Murphy. 
In his talk Amann mentioned that his 
former professor’s encouragement in 
thermodynamics resulted in his inter- 
est of the gas turbine. 






















ALBERTA 





}ishlieht of the Nov. 19 meeting of the 
Alberta Group’s program was a talk 
on “Torsion Bar Suspension” by Ger- 
ald C. Wates, district service represent- 
ative for Studebaker-Packard Corp. 
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Section Meetings 


ters?” Stewart Hotel. Dinner 
7:00 p.m. Meeting 8:00 p.m. 


ATLANTA 

February 4... Jerome Lederer, 
managing director, Flight Safety 
Foundation, New York. — “Air- 
plane Safety Research.” Dinner 
6:30 p.m. Meeting 8:00 p.m. 


CENTRAL ILLINOIS 

January 28... B. Pinkel, NACA 
—‘Aircraft Crash Research.” 
Pere Marquette Hotel. Dinner 
6:30 p.m. Meeting 7:45 p.m. 
Special Features: Coffee Speaker. 


CLEVELAND 

January 21... C. H. Nystrom, 
American Bosch Arma Corp.— 
“Fuel Injection for Automobiles.” 
Lake Shore Hotel. Dinner 6:30 
p.m. Meeting 7:45 p.m. Special 
Features: Chester Lauck, who 
was Lum of Lum & Abner will be 
coffee speaker. 


CHICAGO 

February 12 ... Julies Laegeler, 
Manager product improvement, 
department, Frank G. Hough Co., 
Libertyville, Ill—‘‘Model 12 Pay- 
loader.” Grand Ballroom, Hotel 
Knickerbocker. Dinner 6:45 p.m. 
Meeting 8:00 p.m. Special Fea- 
tures: Social Half-Hour 6:15 to 
6:45 p.m., sponsored jointly by 
Frank G. Hough Co., Borg & 
Beck Division, Borg - Warner 
Corp., and Pesco Products Divi- 
sion, Borg-Warner Corp. 


CHICAGO—South Bend Division 
January 28 ... D. Firth, vice 
president, engineering, Dodge 
Mfg. Corp., and J. Chung, chief 
development engineer, Dodge 
Mfg. Corp., Mishawaka, Ind.— 
“Flexidyne.” Bronzewood Room, 
LaSalle Hotel, South Bend. Din- 
ner 6:45 p.m. Meeting 8:00 p.m. 
Special Features: Joint meeting 
with St. Joseph Valley Chapter, 
ASME. 


COLORADO 

January 17 . Speaker from 
Glenn L. Martin Co., Denver. 
General Motors Training Center. 
Dinner 6:30 p.m. Meeting 8:00 
p.m. 


DETROIT 

January 28 ... Junior Group 
Meeting—Three Speakers: L. M. 
Wallace, Chrysler Corp., R. E. 
Denzer, Chevrolet Motor Divi- 
sion, GMC and D. H. Iacovoni, 
Ford Motor Co. — “Tomorrow’s 


Dream Car Ride ...?” Mod- 
erator: H. P. Freers, Mercury Di- 
vision, Ford Motor Co. Small 
Auditorium, Rackham Educa- 
tional Memorial. Meeting 8:00 
p.m. 


METROPOLITAN 

January 17 ... Aeronautic Ac- 
tivity Meeting. R. E. Ledbetter, 
General Electric Co.—“‘Jet En- 
gine Controls.” Garden City Ho- 
tel, Garden City, L. I. Meeting 
7:45 p.m. 

January 24... Fuels & Lubri- 
cants Activity Meeting. Esso Re- 
search & Engineering Labs., Lin- 
den, N. J. J. L. Philips and N. 
H. Rickles, Esso Research & En- 
gineering Labs.—‘‘Residual Fuels 
in Diesels.” Tour of Laboratories 
5:00 p.m. to 6:30 p.m. Dinner 
6:30 p.m. $2.00 per person. 
Meeting 7:45 p.m. 


MID-MICHIGAN 

February 4... Dr. Darrel Ro- 
mick, project staff engineer, 
Goodyear Aircraft Corp., Akron. 
—‘“The Conquest of Space.” 
Bancroft Hotel, Saginaw. Din- 
ner 6:30 p.m. Meeting 8:00 p.m. 


MILWAUKEE 

February 1... John F. Adam- 
son, assistant to director of 
engineering, American Motors 
Corp., Kenosha, Wisc. — “The 
New American Motors V-8 En- 
gines.” Milwaukee Athletic Club. 
Social Hour 6:00 p.m. Dinner 
6:30 p.m. Meeting 8:00 p.m. 
Special Features: “Get Ac- 
quainted” mixer following the 
meeting. 

February 8-15-22 . March 
8-15. Fifth Annual Lecture 
Series. — “Engineering Know- 
How in Engine Design.” Mar- 
quette University, Milwaukee. 


MONTREAL 

January 21... Students’ Night. 
Competitive Papers. One student 
each from McGill University and 
Ecole Polytechnique Institute. 
Prizes $50.00 and $30.00. Mount 
Royal Hotel. Dinner 7:00 p.m. 
Meeting 7:45 p.m. 


NORTHWEST 

January 18... R. E. Norris, fleet 
& special representative, Puro- 
lator Products, Inc., Rahway, 
N. J.—wWhat’s New in Air Fil- 


OREGON 

January 16... Edward J. Masi, 
service sales representative, 
American Bosch Division, Amer- 
ican Bosch Arma Corp., San 
Francisco, Calif—‘Bosch Gaso- 
line Injection.” Imperial Hotel. 
Dinner 7:00 p.m. 


ST. LOUIS 

January 31... J. S. Coleman and 
W. A. Turunen, General Motors 
Technical Center.—‘Automotive 
Gas Turbines.” Congress Hotel. 
Dinner 7:00 p.m. Meeting 7:45 
p.m, 


SOUTHERN CALIFORNIA 
January 14... Truck & Bus 
Meeting. John B. Burnell, as- 
sistant staff engineer in charge 
of engine design, Chevrolet Divi- 
sion of GMC, Detroit.—The 
General Motors Fuel Injection 
System.” Rodger Young Audi- 
torium. Dinner 6:30 p.m. 


SOUTHERN NEW ENGLAND 

February 5... Dr. H. H. Haas, 
chief engineer, Diesel Section, 
Continental Aviation & Engi- 
neering Corp., Detroit—‘“From 
Spark Ignition to Diesel.” Hotel 
Shelton, Springfield. Dinner 
6:45 p.m. Meeting 8:00 p.m. 


WASHINGTON 

January 15... Carl Harry Ny- 
strom, American Bosch Arma 
Corp., Springfield, Mass.—“Auto- 
motive Gasoline Injection Sys- 
tems.” Occidental Restaurant, 
Washington, D. C. Dinner 7:00 
p.m. Meeting 8:00 p.m. 


WESTERN MICHIGAN 
February 5 . Walter Isley, 
ordnance project engineer, Conti- 
nental Motors Corp., Detroit.— 
“Adapting Fuel Injection to Cur- 
rent Engines.” Doo Drop Inn, 
Muskegon, Mich. Dinner 7:00 
p.m. Meeting 8:00 p.m. Special 
Features: Social Period 6:30 p.m. 
Film. 


WILLIAMSPORT 

February 4... R. T. Jackson, 
sales engineer, Perfect Circle 
Corp., Hagerstown, Ind.—“In- 
dianapolis Race Car Design.” 
Moose Auditorium. Dinner 6:45 
p.m. Meeting 8:00 p.m. 
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Production Forum, Oct. 11, 1955, in 
Los Angeles. Panel leader was W. E. 
Woolwine, Northrop Aircraft, Inc. 
Panel co-leader was W. Barker, North 
American Aviation, Inc. Secretary was 
W. R. Slagg, Northrop Aircraft, Inc. 
Members included: W. Ricketts, North 
American Aviation, Inc.; F. F. Trygg, 
Lockheed Aircraft Corp.; H. Williams, 
Convair Division, General Dynamics 
Corp.; D. M .Voss, Douglas Aircraft 
Co., Inc.; C. R. Andrews, Douglas Air- 
craft Co., Inc.) 


Wanted: Aircraft 
Designed for Cargo 


ed on paper by 


R. F. STOESSEL 
and 
E. W. FULLER 


Lockheed Aircraft Corp 


IRFREIGHTERS in use today have 

evolved from aircraft designed pri- 
marily for passenger carrying. Hence 
their suitability for handling cargo is 
limited. To develop the economic po- 
tential of the cargo carrier, considera- 
tion of fundamental design is needed. 

Airfreighter optimum size requires a 
compromise of the following conflict- 
ing factors: 


1. For a given number of airplanes 
produced and for the same load fac- 
tors, the larger craft can be expected 
to attain lower per ton-mile operating 
costs. 


2. The market for truly large air- 
freighters may not be as great as that 
for the smaller types. Hence initial 
cost per pound of airframe for the 
large airplane may be higher. 


3. The individual operator will need 
a smaller number of the large aircraft 
for a given fleet capability, thus in- 
creasing the spare parts investment 
as a percentage of initial airplane 
costs. 


4. Where schedule frequency is im- 
portant, a fleet of the larger airplanes 
may tend to operate at somewhat lower 
load factors than will the smaller and 
more flexible airplanes. 

Range and speed are vitally impor- 
tant factors to be considered in arriv- 
ing at design configuration. For mili- 
tary inter-continental operation, the 
range must be capable of handling the 
San Francisco-Honolulu run of ap- 
proximately 2400 nautical miles equiv- 
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CHALLENGE! 


This is it. The call to make 
history. The challenge of the 
ICBM, Titan. 


Accept it—lay your skill, courage 
and tough-minded determination 
on the line—and you'll join 

an engineering team dedicated 

to reaching another plateau 

in man’s conquest of space. 


In return, we offer you unbounded 
opportunities as promising as 

the growth of our company. We 
offer the deep-down satisfaction 
of working with top engineers. 
We offer the modern facilities of 
our plant, located in the 

foothills of the 

Colorado Rockies. 


If this challenge calls you, write 
today to: Emmett E. Hearn, Em- 
ployment Director, Dept. S-1, 
P.O. Box 179, Denver 1, Colorado. 





alent to still-air distance. And there 
should be a second range still-air dis- 
tance of about 3500 nautical miles. 

For domestic commercial service 
there may be another range of less 
than 2000 nautical miles, permitting a 
non-stop run from the Chicago-Detroit 
area to the west coast. 

Speed is important. U.S. domestic 
shippers will probably want first-morn- 
ing delivery of their products, or first- 
afternoon followed by second-morning 
deliveries. Assuming departures no 


CLUTCH LIFE 
TORQUE CAPACITY 
HEAT RESISTANCE 


Designed especially for use in heavy-duty, high-speed 
engine equipped machines such as trucks, tractors, 
earth movers, graders, shovels, cranes, dozers and oil 


field units— 


VWlew MORLIFE 


and CLUTCH PLATES Give- 


MORE Clutch Life (400% MORE) 
MORE Torque Capacity (100% 
MORE Heat Resistance (50% MORE) 


See this NEW type MORLIFE clutch at 
the Road Show in Chicago—or get full 
information how this clutch improves the 
operation of heavy-duty, off-highway 
machines, by writing Department E— 


earlier than 11:00 p.m., this will set 
cruising speeds. 

Since operating cost is largely a per 
hour cost, an increase in speed tends 
to reduce the cost per mile or per 
ton-mile. However, speed increases 
have offsetting penalties. 

There are many unresolved cargo 
handling considerations. Some reflect 
rersonal preference. Here are just a 
few questions that will have to be an- 
swered: 

1. Should modular loading be con- 
sidered? 


“MORLIFE clutch 
has gone 851 
hours without 
slipping or 
adjustment.” 


te 


“MORLIFE clutch 
going strong 
after 1695 hours, 
working in 
sand.” 


ess 


*“*MORLIFE 
clutches last 950 
hours longer, 
without adjust- 
ment.” 


be 


“MORLIFE clutch 
needs adjust- 
mentoncea 
month, instead 
of daily.” 


ao 


“*MORLIFE re- 
quires lighter 
handle pull and 
one tenth the 
adjustments.” 


af 


“MORLIFE pulls 
harder and lasts 
Hoo on fen times 


= 


*“*Won't buy a 
wnit that isn't 
equipped with 
Durable MOR. 
UFE clutch.” 


CLUTCHES 


MORE) 


ROCKFORD Clutch Division BORG-WARNER 


316 Catherine Street, Rockford, 


Iilinois, U.S.A. 


Export Sales Borg-Warner International — 36 So. Wabash, Chicago 3, Il. 


GG000E60C68 
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2. Should the cargo compartment 
be pressurized? 


3. If wall and ceiling tie-downs are 
considered, should they be designed 
for incorporation of a single crash-re- 
sistant barrier and/or multiple type 
of diaphragm barrier? 


4. What is the goal for minimum 
time at en route stops and at turn- 
around? 

(Paper “Airfreighter Suitability” 
was presented at SAE National Aero- 
nautic Meeting, New York, April 1956. 
It is available in full, in multilith 
form, from SAE Special Publication 
Department, 485 Lexington Ave., New 
York 17, N.Y. Price: 35¢ to members; 
60¢ to nonmembers.) 


Dart Turboprop 
Steps Up Performance 


Dé 
OF Pd} 


C. M. . ee 


Westingho cp A: viat 
HE Dart turboprop engine, which has 
been in service, has a rating of 1545 
equivalent shp and a specific fuel con- 
sumption of 0.75 lb/hr/esph. Through 
redesign and improvement of compo- 
nent efficiencies the rating is being in- 
creased progressively. 

The RDa-6 model will have a take- 
off rating of 1695 eshp and a 0.705 lb/ 
hr/eshp specific fuel consumption. 
Basic changes in this model are: a new 
reduction gear incorpofating double- 
helical pinion gears and wider teeth, 
and improved tip seals on the turbine 
blades. 

The Model RDa-7 under develop- 
ment will be rated at 1850 shp (2000 
eshp) and have a specific fuel con- 
sumption of 0.66 lb/hr/shp. This take- 
off rating meets the requirements of 
medium-sized transports operating be- 
tween major cities. The increase in 
rating is being accomplished by: (1) 
shrouded impellers, incorporating seals 
on the shroud and (2) an additional 
stage on the turbine. 

The growth potential of the Dart en- 
gine from a technical viewpoint is very 
promising. A turbine inlet tempera- 
ture increase of 50 C will mean an in- 
crease of take-off hp to 2020 shp with 
a reduction in specific fuel consump- 
tion to 0.64 lb/hr/shp. Very little me- 
chanical change in the engine is an- 
ticipated since the RDa-7 will be built 
with the major features to accommo- 
date the increased temperature. The 
increase in power at the maximum con- 
tinuous and cruise condition operation 


SAE JOURNAL, JANUARY, 1957 





from the increase of 50 C in turbine 
inlet temperature also can be doubled 
by a relatively small increase in rpm. 
When these increased rpm develop- 
ments have been proven in the growth 
engine, they can be applied immedi- 
ately to the original RDa-7 with a 10% 
increase in the maximum continuous 
and cruise hp currently estimated. 
This means an increase in recom- 
mended cruise power at 20,000 ft and 
300 knots from 1090 to 1265 hp. The 
application of turbine blade cooling 
should permit a further temperature 
increase of at least 50 C with another 
10% in power and another 3% reduc- 
tion in specific fuel consumption. 
Available compressor data shows that 
it is possible to develop the Dart engine 
to 2500 shp for take-off with a specific 
fuel consumption of 0.60 lb/hp/shp. 
By increasing the airflow capacity by 
10% a take-off rating of 2750 shp is 
possible without changes to the basic 
diameter of the engine. (Paper “The 
Dart Turboprop Engine” was presented 
at SAE South Bend Section Meeting, 
January 1955. It is available in full, 
in multilith form: from SAE Special 


Depend on ANCHOR 
Specialized Experience 


Anchor Freon Hose Assemblies are products 
of specialized engineering, supported by an 
intimate knowledge of field practices and 
requirements. This, together with Anchor's 
“Accent on Accuracy” in manufacture is 
unquestionably the reason why Anchor 
Freon Hose Assemblies are a standard for 
both automotive and industrial applica- 
tions where Freon 12 is used. They are fur- 
nished in standard assemblies with rayon 
braid or one wire braid hose. Also avail- 
able are assemblies which combine the 


Publications Department, 485 Lexing- 
ton Ave., New York 17, N. Y. Price: 
35¢ to members; 60¢ to nonmembers.) 


standard rayon braid or one wire braid hose 
assemblies with bent tube as an added de- 
sign advantage. These are designed to your 
specifications. To insure the longest, leak- 
proof service of your Freon hose installa- 
tions, you will profit by standardizing on 
Anchor Assemblies. 


See us at Catalog No. 601 illustrates and fully 


S.A.E. — Detroit describes these assemblies — write for your 


a 
Am. Road Mach. copy. 


Five-Minute Ride 
Still Best Noise Test Show in Chicago 


—— __ Power Steering _ 
D. R. WHITN EY 


Typical Anchor Hydraulic and Power Steering 
Hose Assemblies (designed and produced to 
the same high standards as Anchor Freon 
Assemblies) are also illustrated and described 
in Catalog No. 601. Due to wide variations 
in the specifications of these hose assemblies, 
they are designed to your specifications. 


a1 Motor orp 
N most sound work the sound level 
meter is very useful. But it is of 
little value in the automotive field be- 
cause there are so Many sources of ex- 
citation and human psychology plays 
such an important role in car noise 
evaluation. 

In many respects the tape recorder 4 
can provide a less biased comparison of ’ 
noises on the basis of noise alone Wy, _L 
than any other system of evalua- 
tion. But the tape recorder-jury Andy Anchor says: 
method of noise comparison fails to Remember to specify “Anchor” Hose Assemblies, Couplings 
take into account many of the psy- and Fittings, described in the following catalogs, on all 
chological factors which do affect cus- applications. Send for these Catalogs too! 
tomer rating of a car. 

Unfortunately, there is no single in- 
strument or group of instruments 
which can be substituted for the 
human evaluation of noise, so we will 
continue to be plagued with the five- 
minute ride as a measure of progress 
in our business. (Paper “Unmeasur- 
able Factors of Passenger Car Noise” 
was presented at SAE Passenger Car, 
Body and Materials Meeting, Detroit, 
March 1956. It is available in full, in 
multilith form, from SAE Special Pub- 
lications Department, 485 Lexington 
Ave., New York 17, N. Y. Price: 35¢ to 
members, 60¢ to nonmembers.) 


Anchor Catalog No. 301—Anchor Clamp Type and Reusable 
Hose Couplings 

Anchor Catalog No. 400—Anchor FLANCO 4-Bolt Split Flange 
Couplings conform to SAE Standards 

Anchor Catalog No. 202—Anchor Adapter Unions, Pipe Fit- 
tings, and new SAE Boss Type Adapters 


308 NORTH FOURTH STREET e@ LIBERTYVILLE, ILL. 
Branch Offices: Dallas, Tex.; Plymouth, Mich. 
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Seek Mechanism 
Of Surface Ignition 


paper 


DONN B. WIMMER 


TUDY of factors influencing the oc- 

currence of deposit-induced surface 
ignition, particularly the role of de- 
posit temperature and mechanism of 
deposit heating, reveal that: 


@A unique rclationship exists be- 
tween mean pellet (or deposit) tem- 
perature and the occurrence of surface 
ignition regardless of deposit type, fuel 
type, or air-fuel ratio. Variations in 
compression ratio shift this relation 
slightly but do not invalidate the con- 


Ca, 


> 


clusion that a quantity measured by 
mean pellet temperature determines 
the occurrence of surface ignition. 

@ Differences in the tendencies of 
various fuels to undergo surface igni- 
tion arise from their varying ability to 
undergo surface combustion and not 
from any significant variation in their 
“inherent resistance” to surface igni- 
tion. 

@ Differences in the abilities of the 
various deposit materials to induce sur- 
face ignition arise from differing abili- 
ties to support surface combustion and 
undergo deposit combustion. 

@ Conditions probably exist where 
heat transfer from combustion cham- 
ber gases can heat thermally isolated 
deposit flakes to temperatures suffi- 
ciently high to cause surface ignition. 
Under such conditions the problem be- 
comes one of combustion chamber 


cleanliness and heat transfer factors. ~ 


(Paper “Some Factors Involved in Sur- 
face Ignition in Spark-Ignition En- 
gines” was presented at SAE National 
Fuels and Lubricants Meeting, Tulsa, 
Okla., November 1956. It is available 
in full, in multilith form, from SAE 
Special Publications Department, 485 
Lexington Ave., New York 17, N.Y. 
Price: 35¢ to members, 60¢ to nonmem- 
bers.) 


Trucks and Earthmovers 
tan To — Drives 


paper 


H. C. KIRTLAND 
and 
R. M. SCHAEFER 


ORE and more trucks and earth- 

moving equipment are being sup- 
plied with torque-converter drives. 
Manufacturers have initiated this 
trend by building the transmission to 
meet the specialized needs of these 
equipments. Three types of torque 
converters are now available to meet 
these diverse applications—each with 
specifically different characteristics: 


1. For tractors, loaders, and rub- 
ber-tired prime movers 
e@ equal number of speeds for- 
ward and reverse 
e ratio steps of about 
three speeds 
e sensitive shift 
2. For dump trucks, scrapers, and 
off-highway vehicles 
e 4 speeds forward and 1 or 2 
reverse. 
eratio steps that produce a 
1-2-4-6 progressive set-up 
e optional lock-up clutch 
e optional hydraulic retarder 
3. For highway trucks 
e6 speeds forward and 1 re- 
verse 
eratio steps approximately 
1.4:1 (6:1 overall coverage) 
e automatic controls 
e automatic lock-up clutch 
e optional hydraulic retarder 


(Paper “What’s Behind the Trend to 
Torqmatic Drives” was presented at 
SAE Central Illinois Earthmoving In- 
dustry Conference, Peoria, Ill., April 
1956. It is available in full, in multi- 
lith form, from SAE Special Publica- 
tions Department, 485 Lexington Ave., 
New York 17, N. Y. Price: 35¢ to 
members; 60¢ to nonmembers.) 
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nearly half of all cars and 
trucks built today have 
Hyatrr Hy-Roll Tapers... 


— 
TE tot | J Jit 
— jj = 
se 


You know HYATT is America’s first and foremost producer of cylin- 
drical roller bearings. But did you know that HYATT is also a major 
supplier of taper roller bearings to the automotive industry? In tapers, 
too, HYATT means highest quality! Hyatt Bearings Division, General 
Motors Corporation, Harrison, New Jersey. 


GM Watch “WIDE WIDE WORLD” Sundays on NBC-TV 
Eaay 
Wy, Ae Hiy-ROLL BEARINGS 
FOR CARS AND TRUCKS 
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Offsetting the benefits that Great 
Britain’s industry can obtain from 
these training programs is the desire 
of engineers and technicians to take 
their skills abroad, particularly to the 
United States where their salaries are 
not so limited by income tax. 

In Germany there has been a radical 


change in training concepts. While 
formerly maintenance was based on 
the skill of craftsmen, today Lufthansa 
expects a mechanic to think like an 
engineer. Particularly where precision 
machinery has replaced technical skill, 
the emphasis is on understanding in- 
stead of craft skill. @ END 


WAUSAU 


Alloy No. 2 


Seat Inserts 


that stay tight 
in aluminum 


Developed especially for aluminum alloy 
engines Wausau Alloy No. 2 Valve Seat In- 
serts have the same expansion character- 
istics as many popular aluminum alloys. 
Result: a tight seat that won’t work loose. 
These inserts have high impact resistance 
which is work-hardened in use. They are 
corrosion resistant and extremely stable un- 
der heat, resisting burning and distortion 
under severest operating conditions. Alloy 
2 inserts are available in a wide range 

of types and sizes to fit your speci- 


fications. 


Call or write Wausau 


Motor Parts Company, 2200 Harri- 
son Street, Wausau, Wisconsin. 


continued from page 32 


MODERN 
MAINTENANCE 
FACILITIES 


Lufthansa has built the most modern 
maintenance base in Europe. It is 
being expanded to take care of the 
1649’s, Viscount 800’s, and Boeing 
707’s that have been ordered. The 
present facility is 722 ft long, 164 ft 
deep, and 48 ft high—large enough 
to accommodate eight planes at one 
time. The doors open on four tracks, 
either by sections or to a maximum 
opening of 514 ft. The entire structure 
is supported by three walls and one 
pillar, a remarkable engineering 
achievement. 

Unlike most shops in Europe, this 
one is well-lighted and has a combina- 
tion ceiling and floor heating system. 
The concrete floor contains 15 miles of 
hot water pipe which brings the 14-in. 
slab to a temperature of 77 F. This is 
augmented by an infrared heating sys- 
tem in the ceiling. All heating ele- 
ments in the floor and ceiling are di- 
vided into sections so that the plant 
can be heated as desired. All electri- 
cal, water, and other services are 
placed at strategic points through the 
hangar in pits. Overhead there are 
complete sets of electric cranes, de- 
vices which are used sparingly in 
Europe. Adjacent to the hangar is the 
engine overhaul shop which employs 
the latest techniques, including the 
horizontal technique for tearing down 
and building up an engine. The first 
test cell has been completed, and it 
represents the synthesis of the best 
acoustical brains in Western Germany 
An engine running at full throttle is 
muffied to 40 decibels outside. 


SNECMA’S 
FLYING 
ATAR 


The Flying Atar, SNECMA’S vertical 
take-off aircraft, is undergoing teth- 
ered flight tests and has just passed 
contractual tests calling for a complete 
radio-controlled flight, including take- 
off and landing within a 12-ft circle. 
Stability control is accomplished by 
compressed air that is bled from the 
compressor and led out through jets 
on the side. This aircraft does not 
have wings. The Flying Atar develops 
a maximum thrust of 6200 lb and 
weighs, with a fuel load, 5600 lb, giving 
a power-to-weight of 1:1. This may 
not appear to be much, but it is enough 
to get off the ground, and the point to 
bear in mind is that the ratio in- 
creases as the fuel load decreases. The 
power-to-weight ratio of the engine is 
4:1, the same as that of the Rolls- 
Royce Conway. There is no American 
engine with comparable power-to- 
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weight ratio. Below is a tabulation 
of thrust-weight ratios and specific 
fuel consumption for representative 
engines: 


SFC, 
Engine T/W tb/ehp-hr 


Allison J71 2.5 0.80 
A-S Sapphi 3.7 0.80 
C-W J65 3.0 0.91 
P-W J57 2.3 0.80 
R.R. Ra29 3.7 0.76 
R.R. Conway 4.0 0.70 
Atar 4.0 0.90 


The machine shops at SNECMA, 
which are quite extensive, have some 
automatic equipment; but great re- 
liance is still placed on hand fab- 
rication. SNECMA, uses a_ unique 
technique of mounting the whole com- 
pressor stator and casing on a ma- 
chine and rotating it in order to ma- 
chine the ends of the stator blades. 
The same technique is used for finish- 
ing the rotor. 

SNECMA has a large and new test 
facility at Melun-Villaroche, about 30 
km from Paris, with test cells, flight 
test facilities, and a new wind tunnel. 


AT 
DE HAVILLAND 
ENGLAND 


At Hatfield, de Havilland is rework- 
ing Comet 2’s belonging to the RAF 
by removing the entire section con- 
taining the windows and replacing it 
with a new section having four layers 
of metal around the openings. Theory 
behind the new design of the window 
panels is that it would take at least 10 
years of flying before a crack could 
develop and another 10 years before a 
crack could become serious. 

The new series of Comets, the first 
of which is scheduled to fly in the 
third quarter of 1957, are known as the 
4 and 4A. The model 4’s will have a 
longer range than the 4A’s, but the 
latter are designed for lower altitude 
and higher speed. The superior short- 
range performance of the 4A’s is ac- 
complished by reducing the wing span 
of the 4 from 115 ft to 108 ft. Comet 
4A’s will have a fuselage 40 in. longer 
than the 4’s, permitting a seating ca- 
pacity of 74 first class or 92 tourist. 
Cruising speed of the 4A’s will be be- 
tween 520 and 545 mph when flying at 
23,500 ft. The 4A will have a high 
rate of climb and descent, permitting 
an optimum block-to-block speed on 
stage lengths of 500 miles or less. 
Capital Airlines has ordered four 
Comet 4’s and ten Comet 4A’s. 

De Haviliand is using a Comet 3 for 
test purposes. Aerodynamically it is 
the same as the Comet 4. When it is 
fitted with the RA29’s Rolls-Royce en- 


gines (in place of the RA26’s with. 
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which it has been flying for the past 
two years) it will be used for certifica- 
tion test flying. This Comet 3 will 
have detachable wing tips that will 
permit it to be converted to the 4A 
configuration. 

Assembly has begun on the Comet 4, 
with three lines getting under way. In 
October 1956, the center sections of 


the fuselage were being joined on the 
first one. This aircraft is scheduled 
to make its first flight in the third 
quarter of 1957. 

De Havilland is developing a succes- 
sor to the Comet, the DH118. No in- 
formation was available about this air- 
craft although it is understood BOAC 
has it under consideration. @ END 


Sintered Metal 
Piston Rings 


WF-3-0 is a uniquely different sintered iron 
alloyed in the powder form so as to 
permit extremely accurate analysis control 
when the metal is produced. As a result, 
rings made from WF-3-0 have greater uni- 
formity and stability, higher tensile strength 
and high modulus of elasticity. Ring break- 
age is eliminated, ring life increased and 
performance greatly improved. In addition, 
simplified production techniques have re- 
sulted in a better ring at lower cost. WF-3-0 
rings are especially effective in small 
bore engines, automatic transmis- 
sions, power steering units and 
similar applications. Call or write 
Wausau Motor Parts Company 
2200 Harrison Street, Wausau, Wis. 
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Weight-saving magnesium sheet (white areas) is used for leading edges, empennage, wheel doors and many other parts of F8U-1 Crusader. 


25% of external skin 


on record-breaking F8U-1 made with magnesium 


In Chance Vought’s F8U-1 Crusader, fastest U.S. fighter by 
official record, many precious pounds are saved by using 
magnesium. Designers called for a total of 166 magnesium 
external skin parts—25% of the wing and fuselage surface 
area. 275 magnesium sand castings ranging in weight from 
a few ounces to thirteen lbs. were used inside the skin. 


Weighing one fourth as much as steel and only two thirds 
as much as aluminum, magnesium gives you the best com- 
bination of strength and rigidity per pound. Its stiffness-to- 
weight ratio is the highest of any structural metal. 


Magnesium permits clean, simplified designs—eliminates 
many stringers and detail parts. A selection of finishes pro- 
vides remarkable protection against corrosion. Machina- 
bility is excellent, too. Fabrication, fitting and joining prob- 
lems are always at a minimum. 


Magnesium can help you make better designs for fuselage. 
wings and interior parts. Sheet, extrusions, and castings 
can be readily produced to meet your requirements. Call 
your local Dow sales office, or write to THE DOW CHEMICAL 
COMPANY, Midland, Michigan, Department MA363D. 


YOU CAN DEPEND ON 





WONDILAUNYD 


WELDING NUTS 
«ee Make Tough Jobs Easy! 


SAVE TIME! 
SAV 


E TROUBLE! 
SAVE MONEY! 


If you’ve got a product involving metal fabricating, 
fastening or assembling, chances are you can use Mid- 
land Welding Nuts to big advantage. 


They come in all sizes for every-sized job. Welded 
to the part or parts concerned, they don’t have to be 
held while bolts are turned into them. Thus one man 
can often do the work of two. 


And they’re indispensable when it comes to those 
tucked away, hard-to-get-ai places. Welded in advance 
to those inside spots where it is difficult—or impossible— 
for hands or tools to reach, Midland Welding Nuts hold 
fast while bolts are turned into them. 


If you’re a designer, you'll want to know about these 
time and labor-savers, too. Midland Welding Nuts will 
solve and simplify many of your problems, too. 


Write or phone for complete information! 


The MIDLAND STEEL PRODUCTS COMPANY 


6660 Mt. Elliott Avenue °* Detroit 11, Michigan 
Export Department: 38 Pearl St., New York, N. Y. 
Manufacturers of 
Automobile and Truck Frames ° Air and Vacuum Power Brakes 
Air and Electro-Pneumatic Door Controls 


New Members Qualified 


Continued 


E. Mason (M), Richard W. Mattson 
(M), Paul E. Milott, Jr. (J), James 
Nagy (J), Edwin E. Nelson (J), David 
James O’Leary (A), Robert A. Ras- 
mussen (J), D. F. Roth (J), Vincent 
Rotole (M), Richard E. Rutz (A), 
James F. Scharfenberg (A), James J. 
Schultz, Jr. (J), George B. Seifried 
(J), H. Marvin Smith (J), J. Kevin 
Smith (J), Miles B. Spickler (A), Boris 
George Stasuk (J), Allen Stretlien (J), 
J. Wilbur Tatter (M), Hiram P. Vroo- 
man, Jr. (J), James R. Wickham (M), 
Edmund Wieczkowski (A), Walter T. 
Woloshyn (M). 


Hawaii Section 
Anthony A. Arruda (A). 


Indiana Section 


John Everett Buskirk (M), William 
J. Everett, Jr. (J), John I. Firth, Jr. 
(M), Roger W. Gallagher (J), Herman 
Joseph Maurer (M), Robert F. Risku 
(J), Donald E. Schmidt (M), Ray 
Donald Steward (M). 


Kansas City Section 


Dale P. Wire (J), John W. Wyatt, 
Jr. (J) 


Metropolitan Section 


Everett J. Adler (J), Henry Albert 
(M), William A. Burnett (M), William 
K. Detweiler (M), Bernard Diamond 
(J), Jerome Oscar Feldman (M), Ray- 
mond C. Kropp (A), Robert Kutrieb 
(J), Bramwell R. Linden (M), Maurice 
Paleschuck (J), Carl R. Piserchia (J), 
Joseph Pohrebnoy (A), Andre Peter 
Sampou (J), Joseph C. Scopinich (J), 
Arthur B. Stanley (A), Otto Wm. 
Vathke (J), Richard S. Wolff (M), 
Frank Wrobleski (J). 


Mid-Continent Section 


Joseph E. Morrow (M), Herbert E. 
Salter (M), Lawrence H. Sluder (J), 
Jack L. Stout (J). 


Mid-Michigan Section 


Gerald Case (M), Reigh C. Gunder- 
son (J), a D. Miller (M), Robert 
J. Richards (M). 


Milwaukee Section 


Raymond C. Benz (J), Robert F. 
Bierman (A), Robert Couchman, Jr 
(M), William Lawrence Denniston 
(M), Herbert Geissler (J), Herbert F. 
Haubrich (M), Lynn M. Myers (J). 
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Now — Cleveland provides a single source 
for all your socket screw requirements 


Simplifies specification, cuts paper work, speeds delivery 


CLEVELAND STANDARD SOCKET SCREW PRODUCTS 
UNIFIED THREADS—CLASS 3A FIT 





| Standard Sizes 











. Material 
Type (diam.) ee 
Socket head #0 to 1% in. Alloy steel, Psa treated 
cap screws (larger sizes avail.) Nonmagnetic 18-8 stainless 
Set serous #0 to Lin. oe Alloy ‘steel, heat treated 
flat, cone or — aos cup point Nonmagneti- 18-8 stainless 
oval points) ; = | (to % in., cup peint only) 
Flat head 
socket cap | #4to% in Alloy steel heat treated 
screws | eee = ahs 
Button head 
socket cap - #4 to % in | same 
screws Sus ee 
Shoulder screws | , ; | 
(stripper bolts) & to % in | Rao — os 
% to lin 
: (nominal size and 
Dowel pins .001 in. oversize — 
for repair) 

——————_|———_ asa chen te 
Pressure plugs ire 1% in. same 

veer, | .028tolin. across | 
Socket screw | flats; short or long same 


keys arm 
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Cleveland has expanded its socket screw line to provide a single 
source for all your socket head needs. 

At the same time, and in conjunction with opening its new plant, 
Cleveland is doubling its factory warehousing capacity. This, plus 
the latest materials handling equipment, will enable Cleveland 
distributors to get same-day shipment of your larger orders. 

Included in the expanded Cleveland socket screw line are preci- 
sion dowel pins. While not a socket head product, they are basic 
fasteners for the important tool and die industry, where they are 
closely associated with socket head cap screws and shoulder screws. 
We offer them as part of a complete service. 

Cleveland socket head cap screws are upset forged from heat- 
treated alloy steel. This results in symmetrical, unbroken grain 
structure in heads, threads and fillets—greater fatigue and tensile 
strength, stronger fasteners. 


Write for latest literature and technical data. Then see your local 
Cleveland Cap Screw distributor for all your socket screw requirements. 


en THE CLEVELAND CAP SCREW COMPANY 
4444-12 Lee Road, Cleveland 28, Ohio 
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Only double-walled Bundyweld 


With Bundyweld’s beveled edges and single close-tolerance inside and out. Bundyweld fabricates easily; can be bent 
strip, there’s no inside bead at joint, as shown in photo- to shortest radii. Copper coating, inside and out, facilitates 
micrograph (inset, above). The tubing is uniformly smooth, soldering and brazing operations. 


WHY BUNDYWELD !S BETTER TUBING 


NOTE the exclusive 

Bundy-developed 

beveled edges, which 

Bundyweld starts os continuously rolled passed through a fur- Bundyweld, double- . ! eee, 
a single strip of twice around later- nace. Copper coating walled and brazed J Ss : __ absence of bead, and 
; ee ~ less chance for any 


copper-coated steel. ally into a tube of fuses with steel. through 360° of 
Then it’s... uniformthickness,and Result . . . wall contact. 4 es faa leakage. 
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Steel Tubing meets every 
automotive fabrication test! 





Automotive engineers have long relied oni tough, leakproof 
Bundyweld Tubing for oil, fuel, and hydraulic lines in cars, 
trucks, buses, and tractors. Double-walled Bundy» Tub- 
ing’s extra-sturdy construction and ease of fabrication 
have led to its use in an ever-increasing number of auto- 
motive applications. 


Bundyweld is used in 95% of today’s cars, in an av- 
erage of 20 applications each, 


This didn’t just happen; there are two very good reasons 
for Bundy’s overwhelming leadership in the automotive 
tubing field. .. 


The tubing itself: Bundyweld is the only tubing double- 
walled from a single metal strip, with exclusive Bundy- 





Bundy alone brings you a double-walled steel tubing made from a single 
metal strip —for the utmost in strength, durability, and leakproof performance 


Seg pg NSA, oo ARR MERRION me 


ja2{=ae 
i, 5 & Be 


SOLDERED BENT TO SMALLEST RADII FLATTENED END CLOSURE EXPANDED 


developed beveled edges. SAE 1010 steel is copper-bonded 
throughout 360° of wall contact into a strong, lightweight, 
beadless tubing. Wall thickness and concentricity are 
accurate, uniform. Ultimate yield strength, tensile strength, 
and fatigue limit are exceptionally high. 


Bundy’s plus service: Bundy backs up its unique Bundy- 
weld Tubing with a staff of engineering experts who take 
pride in helping solve tricky tubing problems, with un- 
excelled fabrication services, with custom-packaging of 
orders, and fast, on-schedule deliveries. 


For more information, or help with your special tubing 
problems, call, write, or wire us today! 


BUNDY TUBING COMPANY «+ DETROIT 14, MICHIGAN 







































specific problem brought to us by a customer or prospect. 
At any stage in the development of your product, Bundy 
invites you to take advantage of this design service. 


Shown above are but a few of the fabrication operations which 
are possible with Bundyweld Steel Tubing. Many of these, 
and others not shown, were developed through solving a 













BUNDYWELD, TUBING 


DOUBLE-WALLED FROM A SINGLE STRIP 


Bundy Tubing Distributors and Representatives: Cambridge 42, Mass.: Austin-Hastings Co., Inc. 226 Binney St. ¢ Chattanooga 2, Tenn.: Peirson-Deakins Co, 823-824 Chattanooga Bank 
Bidg. © Chicago 32, Ill.: Lapham-Hickey Co., 3333 W. 47th Place © Elizabeth, New Jersey: A. B. Murray Co., inc., Post Office Box 476 © Los Angeles 58, Calif: Tubesales, 5400 Alcoa 
Ave. © Philadelphia 3, Penn.: Rutan & Co., 1717 Sansom St. © San Francisco 10, Calif.: Pacific Metals Co., Ltd., 3100 19th St. © Seattle 4, Wash.: Eagle Metals Co., 4755 First Ave., South 
Toronto 5, Ontario, Canada: Alloy Metal Sales, \td., 181 Fleet St. E. © Bundyweld nickel and Monel tubing are sold by distributors of nickel and nickel alloys in principal cities. 
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«++ CESSNA MODEL 620, 
WORLD’S PIONEER 
PRESSURIZED FOUR-ENGINE 
EXECUTIVE TRANSPORT 


Two organizations long noted for 
their contributions to flying have 
joined hands to achieve another 
major aviation “first,"" Cessna’s 
Model 620, now flying. . . . The 
Cessna Model 620, world pioneer of 
its type —first pressurized four-engine 
airplane built for the corporate mar- 
ket—unites several qualities which 
users of executive aircraft have long 
desired. Its four Continental Red Seal 
GSO526-A engines provide four- 
engine safety, with the important 
plus of Continental dependability, 
economy and service backing. It is 
pressurized for altitudes up to its 
four-engine service ceiling of 27,500 
feet, and air-conditioned for comfort 
aloft and on the ground... . Flights 
climaxing three years’ work on this 
advanced airplane have fully borne 
out its builders’ highest expectations. 
The Cessna 620 now takes its place 
as the latest on the long roster of fine 
utility aircraft using dependable Con- 
tinental power. 


[ontinental Motors 
[orporation 


Aircraft Fngine Division 
MUSKEGON, MICHIGAN 


New Members Qualified 


Continued 


Mohawk-Hudson Section 
Charles H. Anderson (M) 


Montreal Section 


Orest Cochkanoff ‘M). Bernard 
Lanctot (J). 


New England Section 


Leopold B. Blum, III (J), Edward 
Joseph Smith (A), George Sorkin (A). 


Northern California Section 


Robert C. Cuffel (M), C. Lyle Cum- 
mins, Jr. (J), Peter H. Hertel (A), 
James R. Mondt (J), Richard L. Reiley 
(J), Herbert M. Schick (M). 


Northwest Section 


Alfred L. Oppie (J), Calvin W. 
Townsend, Jr. (J). 


Philadelphia Section 

Lewis J. DeVuono (A), Alfred M. Di 
Bartolo (M), Charles B. Hood, Jr. (J), 
W. A. Pavlo (M), Robert S. Potteiger 
(J), Marshall C. Pritzbur (A), Eugene 
D. Tarris (J), F. Clark Walton (J) 


Pittsburgh Section 


James G. Berry, Jr. (J), Peter Hans 
Donath (J), Alan A. Glaser (J), F 
Richardz (M), William P. Rowles (A) 
W. W. Wentz (M). 


St. Louis Section 
Samuel A. Gulotta (J). 


San Diego Section 

Clayton Wilbur Vickland (J), Ed- 
ward A. White (A), John Q. A. Wick- 
ham (M). 


South Texas Group 


Robert J. Burkholder, Jr. (J), An- 
drew J. Freund (J). 


devoted to Research 
GYRO ASSEMBLY AND TEST 


Mechanical and Electrical Engineers, with a personal interest in 
precision mechanisms, where a high degree of accuracy is required, and 
a pride in the precision of the product they help build, we offer truly 
challenging opportunities. 

You will do development work and testing in one of the country’s 
most versatile laboratories, working with the top men in the field and the 
finest test, research and development equipment. As a part of our Major, 
Permanent, Expansion Program, new plant facilities are being added in 
suburban Milwaukee. 

AC provides financial assistance toward your Master's Degree. 
Graduate program also available evenings at Univ.Wisconsin, Milwaukee. 
GM's aggressive position in the field of manufacture and GM's policy of 
decentralization creates individual opportunity and recognition for each 


Engineer hired. 
RECENT EE, ME GRADUATE 


INQUIRIES ALSO INVITED 


Milwaukee offers ideal family living in a progressive neighborly com- 
munity in Southern Wisconsin. 


To arrange personal, confidential interview in your locality send full facts 
about yourself to 


Mr. John F. Heffinger, Supervisor of Technical Employment 
THE ELECTRONICS DIVISION 


GENERAL MOTORS Corporation 


FLINT 2, MICH. MILWAUKEE 2, WIS. 
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“Nobody puts a fine painting in a dime-store frame.” 
When you see a piece of construction equipment with 
Vickers Hydraulics, you know it is a “quality” machine r 


th hout. my —s 
Vickers provides all the inherent advantages of ICKE as a Y D 4 ps U s I Cc Ss 


hydraulics and MUCH MORE: (1) the benefits of a 
nation-wide and full-time field engineering and service ta "4 k. 
organization of unequalled experience; (2) a complete seme ns ie ] FY +4 a i is 
line of equipment enables Vickers to take UNDI- 
VIDED system responsibility thus eliminating any risk ; 
of incompatibility of hydraulic components; (3) a Cc © ] we oy ‘is a U Cc i | le) Re 
hydraulics school for free training of customers’ main- 
tenance personnel. 
SEE VICKERS HYDRAULICS IN SIMULATED ACTION 3 © | U i ad M ig nt T 
IN BOOTH 219 AT THE ROAD SHOW, JANUARY 28 
TO FEBRUARY 2, AT INTERNATIONAL AMPHITHEATRE, 


CHICAGO. 


Motor grader uses Vickers Hydraulics for: 

@ maximum blade utility 

e accurate and effortless tool 

adjustment 

@ positioning scarifier 

@ convenience of control to operator 
Hydraulic motor (not shown) rotates blade 
on circle. Hydraulic power steering is 
separate circuit. Central hydraulic system 
is applicable. 


Scraper has VARIABLE rate hydraulic 
power steering provided by: 

e Vickers Double Vane Pump 

e@ Vickers Metering Control Valve 

e Vickers Circuit-Splitting Unloading 

System 

e Vickers Overload Relief Protection 
Vickers Single Vane Pump supplies 
power for: 

e Fast actuation of bowl 

e Fast apron manipulation 

e Fast—Positive ejector action 

More Work—Less Time—Minimum Maintenance. 


Vickers Hydraulics provides fast lifting and angling > \| 
of bulldozer blade along with exclusive ‘feathering’ LU 
ability. Additional tractor attachments added later 

can be hydraulically controlled by simply adding 
sections to existing control valve thus eliminating 
necessity of mounting separate valves. 





Fast, easy and dependable operation of front end 
loader utilizes Vickers Balanced Vane Pump (with 
inherent automatic wear compensation) and Vickers 
Two-Section Directional Control Valve. Note simplicity 
of installation. 








VICKERS INCORPORATED 


SEE VICKERS BOOTH 219 DIVISION OF SPERRY RAND CORPORATION 
ADMINISTRATIVE and ENGINEERING CENTER 


podhandedatpdlishetepetinceinchertine epee taanleasegliae DEPARTMENT 1440 e DETROIT 32, MICH. 
INTERNATIONAL AMPHITHEATRE, CHICAGO 


q Application Engineering Offices: » ATLANTA + CHICAGO «+ CINCINNATI + CLEVELAND + DETROIT » GRAND RAPIDS +» HOUSTON «+ LOS ANGELES AREA (El Segundo) 
MINNEAPOLIS » NEW YORK AREA (Summit, N.J.) ¢ PHILADELPHIA AREA (Media) + PITTSBURGH AREA (Mt. Lebanon) » PORTLAND, ORE. « ROCHESTER + ROCKFORD 

tg SAN FRANCISCO AREA (Berkeley) * SEATTLE + ST. LOUIS * TULSA * WASHINGTON » WORCESTER 3 

‘ IN CANADA: Vickers-Sperry of Canada, Lid., Toronto 769 


ENGINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 1921 
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| ‘Park 
| DIE-FORGED 


CRANKSHAFTS 


me ae 
Wim wa ite e ‘. 


Ms 


GUL: Bl a ae 


CONNECTING RODS 


Li a 


\ 


Are the 
Strongest “Links” 
in your Power 
Transmission Chain 


For over 49 years, Park has 
specialized in the closed-die 
forging of crankshafts, connecting 
rods, camshafts, crankcase parts, 
main bearings, gears, pinions, 
axles and steering knuckles. 


Park's facilities include a com- 
plete die sinking shop, modern 
specialized heat treating equip- 
ment and experienced metal- 
lurgical and engineering staffs. 


Die Forging Specialists Since 1907 


THE PARK DROP FORGE CO. 


CLEVELAND 3 ie} 


CARBON, ALLOY AND STAINLESS STEEL 
CLOSED-DIE FORGINGS FROM 4 LB. TO 
5000 LBS. 


New Members Qualified 


Continued 


Southern California Section 


George F. Anisman (M), Richard B. 
Ault (M), Robert H. Bean (J), Frank 
Breckenridge (M), Charles C. Busen- 
kell (M), Anthony P. Casagrande (J), 
Roland B. Clark (J), Martin L. Close 
(A), John R. Feemster (J), Herbert W. 
Fenske, Jr. (J), Robert B. Glassco (M), 
Alexander B. Hepler, Jr. (J), Albert 
M. Hetzel (J), Jack B. Hochadel (J), 
Louis L. LeBrun, Jr. (J), Robert Allen 
Lehman (J), Frank R. Mastroly, Jr. 
(J), C. T. Molloy (M), Rolland Moody 
(J), Marshall W. Novick (J), David O. 
Park (J), John Phinos (M), Victor E. 
Rimsha (M), Francis J. Schoelen (J), 
Patrick G. Stone (J), Robert S. Wel- 
ther (J), Keith A. Wilhelm (M). 


Southern New England Section 


Jerome Belsky (M), Thomas E. Doh- 
erty (M), Walter D. France (M), James 
B. Funk, Jr. (M), Rudolph Hohenberg 
(J), Wayne R. Lundberg (J), Wayne 
MacKown (M), Orlo A. Powell, Jr. (J). 


Texas Section 


Glenn S. Beidler (J), David L. Kors 
(J). 


Twin City Section 


Kenneth F. Burke (M), Chester F. 
Lenik (M), Harry B. Silverman (J). 


Washington Section 


2nd Lt. Frank Allgaier (J), Lt. Col. 
Mario Matacotta (M) 


Williamsport Group 
Robert L. McCumber (M) 


Outside Section Territory 


Wade Allen (M), William G. Beider- 
man (A), Harold E. Fuerst (M), Allen 
D. Lodge (M), George P. Nelson (M), 
John W. F. Petch (J), Donald H. 
Roach (A), Charles A. Ropes, Jr. (J), 
Hans Albrecht Sack (J), Raphael D. 
Schilz (J), William Heyl Unger (M). 


Foreign 


James W. Calder (J), Switzerland: 
S. H. Grylls (M), England: J. N. 
Gujral (A), India; Halvor Otto Karud 
(M), Norway: G. Udegbunem Meniru 
(J), Nigeria; Robert Michael Rey (M), 
Brazil; Norberto Uranga (J), Argen- 
tina. 


To the 
ENGINEER 
of high 
ability 


Through the 
efforts of engineers 
The Garrett Corporation 
has become a leader in many 
outstanding aircraft component 
and system fields. 
Among them are: 
air-conditioning 
pressurization 
heat transfer 
pneumatic valves and 
controls 
electronic computers 
and controls 


turbomachinery 


The Garrett Corporation is also 
applying this engineering skill to the 
vitally important missile system 
fields, and has made important 
advances in prime engine 
development and in design of 
turbochargers and other 

industrial products. 

Our engineers work on the very 
frontiers of present day scientific 
knowledge. We need your creative 
talents and offer you the opportunity 
to progress by making full use of 
your scientific ability. Positions 

are now open for aerodynamicists 

.. mechanical engineers 

... mathematicians... specialists in 
engineering mechanics... electrical 
engineers . .. electronics engineers. 
For further information regarding 
opportunities in the Los Angeles, 
Phoenix and New York areas, 
write today, including a resumé 
of your education and experience. 


Address Mr. G. D. Bradley 


9851 So. Sepulveda Blvd. 
Los Angeles 45, Calif. 


DIVISIONS 
AiResearch Manufacturing, 
Los Angeles 
AiResearch Manufacturing, 
Phoenix 

AiResearch Industrial 
Rex — Aero Engineering 
Airsupply — Air Cruisers 

AiResearch Aviation 
Service 
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Four-speed 


AiResearch two-motored unit provides automatic control plus an 
instantaneous manual override at the work end of its Air Data System 


During high-speed flight, where 
control is so delicate it is often by 
trim surfaces alone, immediate 
response under emergency condi- 
tions is of critical importance. The 
actuator shown allows immediate 
pilot override of the automatic sys- 
tem without any disconnect activity 
or mechanical clutching device. If 
necessary any one of four speeds 
may be instantaneously selected. 


The unit operates with complete 
dependability at ambient tempera- 
tures up to 300°F. 

AiResearch actuators operate on 
split-field or permanent magnet DC 
motors, on AC servo motors or on 
single-phase, two-phase or three- 
phase AC motors. They can supply 
feedback signals to the control and 
be provided with neutral position- 
ing and light-switches. 


actuator 


We are now engaged in the de- 
velopment of Air Data Systems of 
all types, assuming full system 
responsibility. Because we manu- 
facture the entire system, including 
transducers, computers and actu- 
ators, you are assured of the utmost 
in system compatibility. 

Outstanding opportunities for 
qualified engineers. Write for infor- 
mation. 


CORPORATION 
AiResearch Manufacturing Divisions 


Los Angeles 45, California « Phoenix, Arizona 


THE 


PNEUMATIC VALVES AND CONTROLS - TEMPERATURE CONTROLS 


ELECTRONIC COMPUTERS AND CONTROLS 


Designers and manufacturers of aircraft systems and components: ermceranion systems - 


CAB MR COMPRESSORS + TURBINE MOTORS + GAS TURBINE ENGINES + CABIN PRESSURE CONTROLS + WEAT TRANSFER EQUIPMENT + ELECTRO-MECHANICAL EQUIFMENT - 
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Applications Received 


The applications for membership re- 
ceived between November 10, 1956 and 
December 10, 1956 are listed below. 


Atlanta Section 
Kenneth W. Dorman 


Alberta Group 
Jacob Janzen. 


®@ Husky—Heavy Duty 


® Friction-Free 


@ Minimum Maintenance 


Baltimore Section 
Charles F. Waters. 


British Columbia Section 


Donald A. Anderson, Jack Ballard, 
Alan Nisbet, Allan Frederick Noble. 


Buffalo Section 


Charles F. Desmond, Gilbert W. 
Langswager, William H. Tite, Jr. 


Canadian Section 


Peter Gardner Browne, John M. De- 
lorme, Leonard F. De Santis, Elmer E. 


CLUTCH 


® “Strap Drive” 


®@ Smooth Engagement 


Engineered by BORG & BECK 


2th 134 ie 


fog US Pe Om 


for that vital spot where power takes hold of the load 


BORG & BECK DIVISION 


ated ale) 


BORG-WARNER CORPORATION> CHICAGO 38, ILLINOIS 


Downs, John Becher Gale, Frank R. 
Gerry, Alan Graham MacNab, R. G. 
Murley, David H. Parker, Henry Rob- 
ert Warder. 


Central Illinois Section 


Norman Edward BeDell, Roy D 
Chandler, John Robert Hawk, John A. 
McLain, James M. Reisel, Gene W. 
Short, George R. Verhage, James 
Henry York. 


Chicago Section 


George M. Bassnett, Robert W. 
Brooks, John B. Durant, Norman W 
Felbinger, Daniel Gawne, Robert E. 
Kay, John E. Mazanet, Leland V 
Meader, Richard B. Naylor, Richard 
B. Payne, John Philpott, Zarko Sek- 
erez, Robert Moyer Smith, John Paul 
Szabo, Earl] Allen Wagner. 


Cincinnati Section 
Ray F. Bonhaus, Bennette L. Heath 


Cleveland Section 

Harold Gold, Warren G. Hampton, 
Arthur M. Jaggard, Gordon Meldrum, 
Richard S. Neely, Richard P. Reichold. 
Raymond J. Tushar. 


Dayton Section 


Richard Arthur Roberts, Sr.., 
William Roe 


Cecil 


Detroit Section 


Nevin L. Bean, Leo Joseph Berger, 
Jr., George Bernard, John S. Besemer, 
Charles A. Bienenstein, Glen L. 
Bowen, M. Victor Bower, John N 
Bradley, W. Durand Brown, Arthur M 
Clark, Ford Louis Coleman, Jr., Ray- 
mond T. Coudriet, Dale D. Douglass, 
Russel D. Foley, Irving V. Gosnell, 
Paul W. Hehr, Roger W. Holden, Car! 
J Jackson, John D. Jenks, Kenneth F 
Koegler, John T. Kosinski, Leonard H 
Mapes, Ernest G. Murray, Gordon A 
Peterson, Richard H. Pickering, Nor- 
man O. Roff, Michael Rometti, Edward 
T. Sills, Robert L. Smith, Samuel J 
Smoly, Reid K. Taube, Robert E. Valk, 
James D. Vaseau, Albert Haig Wilson 
James W. Winship 


Hawaii Section 
William Santos. 


Indiana Section 
Keith W. Epply, George E. Flinn 


Kansas City Section 


Bill J. Bean, Donald Matthews, 
George M. Mierley, Sr., David B. Os- 
born, John N. Schlotter, John M 
Smidl, Charles H. Stockdale. 


Metropolitan Section 
John C. Cox, Philip Henry Fryberger, 
Frederick R. Gruner, Thomas W. Hall, 
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Three lypes of Valve Rotation 


All Thompson developed 


Pick the Thompson valve-rotation system that 
best meets your engine service requirements : 


ROTOVALVE 


or “free” rotation. Used where normal 
engine duty is not severe enough to require 
positive- powered rotation— 


a The cle 


ROTOCAP 


for proved positive rotation in measured 
stages where severest engine-service con- 
ditions are encountered— 


(Thon ape 


ROTOCOIL 


the latest Thompson rotation development 
that provides measured, positive valve 
rotation at unit cost competitive with any 
other rotation system— 


re Then dp 


Only Thompson can engineer and supply all three 
rotation systems for your engines. The detailed story 
of valve rotation is featured in Thompson Products’ 
Engineering Bulletin, Vol. 1, No. 3. 


Only Thompson can engineer and supply 
all 3 rotation systems for your engines. 


alvé DiviSiON thompson Products, Inc. 


1466 EAST 186th STREET « CLEVELAND 10, OHIO 
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Applications Received 


Continued 


Flight Loads Engineers Streamline 
for Republic Aviation YOUR 


Long Island, N. Y. 
A large increase in the . Prod uction 


II, David N. Harrison, W. Herbert 
somber of models reach Hultgren, John S. Kopper, Arthur S. 
ing the flight test phase : - & 
- | MacDonald, Ward W. Minkler, Sieg- 
of development and an ; : 7 
: fried W. Speidel, George T. Stern, 
increased emphasis on the Donald A. Webster 
measurement of flight . : t 
loads has created some 
unusual ground floor op- Mid-Continent Section 


portunities in this field. William O. Banks, Robert C. Curry. 


(1) Flight load engineers 
at Republic are given a 
wide scope of action. You Mid-Michigan Section 
will not find the over-spe- g ‘ ‘ 2 ; 
Gitinel tiihslathes eoninl- Frank Hayes, Jr., Alfred E. Hilge- 
zation so prevalent at the man, William G. Martin, Jr., Leonard 
other companies. F. Stewart, Karl John Windberg. 
(2) Initiative is placed at 
a premium giving the en- GASKETS 
gineer a true sense of Milwaukee Section 
accomplishment ‘ ‘ iv, 
Harris Ewald, Robert A. Jones, Ralph Better automotive products at 


an ze an nie Hansen Miller, Charles W. Modersohn, lower production cost! 

experience. You will deal Philip E. Myers, Theodore H. Pulles, That’s the big reason why the 
— gots coger phere Frank C. Skelton, Jr., Robert E. Talley, DAREX “Flowed-In” PROCESS 
mentation. F James G. Williams. is automatically replacing slow 
(4) The planned continu- and costly hand-fitted gaskets 


oe maar Mohawk-Hudson Section . .. On sO many new parts for so 

partment affords excelien : v7 

means for advancement. John H. DeWitt. many leading 1957 models. Here 
are some typical new uses: 


If you have experience in 
any or all of the following 7 
fields, Republic can offer Montreal Section 


es aioe foam de on Paul Belair, Stanley T. Ferry, Eugene 
Long Island. Gore, George Thimens. 


ON FASTENERS FOR CHROME 
TRIM to hold trim tighter, seal 
out water. 
ON “SNAP-IN" PARTS for plugs 
Instrumentation Design and sockets to seal out dirt, fumes. 
for Flight Loads Programs New England Section ON AIR FILTERS to bond com- 
e . onents together, seal out dirt 
Strain Gage Installati J. Kenneth Baxter, Jr., Harold J. P : , , 
we = evga Elmendorf, Daniel Fairchild, John F. abrasive particles. 
McCurdy. ON VOLTAGE REGULATOR 


oo 
Calibration, Data Reduction AND SOLENOID COVERS to 
seal out oil, water and dust. 


and Bridge Combining Northern California Section What’s your mass-production 


If you want to work on : 
the broad aspect of aire Robert W. Spencer. sealing problem? Chances are 
craft engineering and the Darex ‘‘Flowed-In’’ 


Seve enpectoncs: te: Sight PROCESS can solve it with 


loads, basic loads, stress Northwest Section . h igh a d 
lysi ins e - 
a bene Roy A. Gregory, E. Everett Mans- just ¢ ees . aos -” 
application machinery, backed 


tion, investigate these op- id 
portunities now. field. 

by Dewey and Almy research 
Employment advantages s s 
at Republic Aviation in- and technical service all the way. 
elude company-paid hos- Oregon Section Look into this cost-cutting 
pitalization insurance, : 
ee i ee Pete T. King, Gus Pautsch. shortcut to greater product effi- 
dent and life insurance, ciency. Call or write us today. 
tuition (%), 2-fold pen- 
sion plan, individual merit Pittsburgh Section x** 


rated increases and many 
#3 IN A SERIES 


other benefits. Richard W. Shiffier. 
Please send your resume including 

details of technical background to: ; : Through national magazine adver- 

Mr. David G. Reid Sen Diego Section tisements like this, Dewey and 

Engineering Personne! Manager J. J. Alkazin, George W. Dinkins, Jr., Almy is helping create still greater 

Barry Lee Farrar, William L. Ihrig, acceptance of our customers’ goods 


SEE PUL Clifton E. Sadler, Noah Frederick Wes- eo contributing toward their sales 
singer, Jr. as we contribute toward improve- 


AVIATION i 
Seceentetn that. ¥, ment of their products. 


South Texas Group 
William E. Doebbler, Roy D. Quil- 
lian, Jr. 
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owes a lot of its velvety 
GASKETS that seal its 


The “Ford in Your Future” 
ride to the DAREX ‘Flowed-in”’ 
shock absorber ends. 


In this use, the automatic ‘‘Flowed-in”’ Process takes 
the place of costly electric welding. DAREX machines 
stream in a special liquid sealing compound. When vul- 
canized, it forms a solid, rubbery seal that holds up 
under extreme heat and pressure .. . and helps hold down 
the bumps on the road. 


Similarly, DAREX ‘‘Flowed-in’” GASKETS are lowering 
labor and material costs and lifting product efficiency 


DARExX ( Flowed-in) GASKETS | 


THE STREAM-LINED SEAL OF MODERN INDUSTRY 


all along the assembly line . . . in oil and air filter covers, 
lamp sockets, crankcases and many other parts. 


Although new in these adaptations, DAREX ‘‘Flowed-in”’ 
GASKETS have been the life’s blood of the canning 
industry for 35 years, sealing FIFTY BILLION containers 
last year in the U. S. and Overseas. 


Continuing research has broadened the scope of the 
“‘Flowed-in” process to important new uses in electronics 
and other mass-production industries, too. Maybe the 
complete DAREX “‘package’’ including machines, sealing 
compounds and localized service has a place in your plant. 


GA 
(DEWEY AND ALMY 
CHEMICAL COMPANY 


? 


, Massachusetts é . Chicago 38, Ilinois ‘ _* San Leandro, n . i , Calitorni ae Montreal 32, Canada 





GIANT AUTOCLAVE = PART OF 
ROHR’S MULTI-MILLION-DOLLAR TOOL KIT 


This new autoclave, shown below, extends 
the vital field of metal bonding at Rohr to 
the production of deep, complicated, con- 
toured assemblies, requiring tremendous 
pressure throughout the curing cycle. 

Today, with this and hundreds of other 
heavy manufacturing machines, Rohr is cur- 
rently engaged in many advanced structures 


programs—along with the production of over 
30,000 different parts for aircraft of all types. 


This is, of course, in addition to Rohr’s being 
recognized as the world’s largest producer of 
ready-to-install power packages. 

For design and engineering know-how, for 
full production facilities look to Rohr to 
build more into the aircraft parts you need. 


In addition to the Convair Metropolitan 440 shown 
here, Rohr builds power packages for many other 
leading commercial and military planes which have 
made Rohr famous as the 


WORLD’S LARGEST PRODUCER 
OF READY-TO-INSTALL 
POWER PACKAGES FOR AIRPLANES 


AIRCRAFT CORPORATION 


Excellent Career openings now for engineers and skilled technicians 


CHULA VISTA, CALIFORNIA 


ALSO PLANTS IN RIVERSIDE, CALIFORNIA; WINDER, GEORGIA; AUBURN, WASHINGTON 
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Applications Received 


Continued 


Southern California Section 


Irving Altman, Richard Battle, Joe 
C. Crowley, Jr., Eric A. Davies, Joseph 
La Torre, Charles E. Painter, John M. 
Phipps, William J. Polon, William A. 
Ray, David C. Taylor, Philip H. Wil- 
liams. 


Southern New England Section 
John A. Grimes, Joseph L. Magri. 


Spokane-Intermountain Section 
O. R. Parrish, Collin Slane. 


Syracuse Section 


Preston Stuart Billings, 
Cooper. 


David G. 


Texas Section 


Ray M. Matson, 
Siedhof. 


Donald Arthur 


Texas Gulf Coast Section 


Henry G. Coffman, A. S. Garden- 
shire. 


Twin City Section 
Lyle M. Jensen. 


Western Michigan Section 
Frank Dzielski. 


Williamsport Group 
Warren R. Horak. 


Outside of Section Territory 


Norris E. Bacon, Paul E. Carlson, 
John L. French, Waldean W. Grauer- 
holz, George E. McDonald, C. D. Stew- 
art, Rex H. Taylor, Robert S. Temple, 
Wendell M. Van Syoc, Walter Vogel. 


Foreign 


Bernard Grindrod, Nairobi, East 
Africa; John J. Hoesly, Japan; Yutaka 
Katayama, Japan; James R. Milne, 
Saudi Arabia; Vincent A. Morris, 
South Africa; Carl Alexander Olsson, 
Sweden; Theodor Ries, Belgium; John 
Henry Sainsbury, England; Karl Lud- 
wig Sanders, Argentina; Harumoto 
Sugisaka, Japan. 
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makes hand lettering old fashioned 


Its speed and uniformity is standard in modern drafting rooms—Legible 
reproduction of lettering is a must. But perfect hand lettering takes time and 


skill, and both cost big money these days. That’s why thousands of modern 
drafting rooms have adopted Leroy® lettering—a K&E development—as 


standard on all jobs. 


Leroy lettering can’t help but be perfect regardless of the job or the ex- 
perience of the man. Each letter is completely and uniformly produced in one 
quick, simple operation. It’s so exact, yet so simple, that one man can start 
the job and another finish it without any variation in lettering. Because the 
lettering template is the same, there’s almost no room for mistakes. 


Every necessary type face and symbol in a wide range of sizes, is available 
in Leroy templates. Each template is engraved with traditional K&E atten- 
tion to quality, built for a lifetime of use. Special electronic, mathematical, 


mapping and geological templates are available . . . we'll even make them to 


order with your own symbols or trademarks. See Leroy lettering equipment 
at your K&E dealer. 
and measuring tapes. 


Ori 
Ree KEUFFEL & ESSER CO. 


NEW YORK « HOBOKEN, N. J. * Detroit « Chicago « St. Louis * Dallas * San Francisco + Los Angeles « Seattle » Montreal 


89 YEARS OF LEADERSHIP In equipment and materials for 
drafting, surveying, reproduction and optical tooling . . . in slide rules 
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WAKDB NORMAL DIESEL 


WAKR BUTANE 


WAUKESHA MOTOR COMPANY 
Waukesha, Wisconsin 
New York Tulsa Los Angeles 


WAKDBS 
TURBOCHARGED 
DIESEL 


1197 CUBIC INCH 


Extra Heavy Duty ENGINES 
Up to 352 max. hp, all with counterbalanced crankshafts 


WA fr descriptive bulletins 


Truck powered by Waukesha WAKR (Butane) 


SAE JOURNAL, JANUARY, 1957 





for extremes of 
corrosion, vibration and temperature 


Corrosive fluids, high mechanical 
stresses, extreme ambient temperatures 
—R/M Flexible Thin-Wall “Teflon” 
Hose takes them all. It’s your best as- 
surance of high-integrity conveying 
lines. 

This new hose—stainless steel wire- 
braided or rubber-covered—is ex- 
tremely flexible and does not expand, 
contract or fatigue. It is designed for 
continuous operation at temperatures 
from —100° to +400°F, and is chemi- 


RAYBESTOS-MANHATTAN, 


cally inert to hydraulic fluids and 
synthetic lubricants. 

This major contribution to safety 
and performance in the automotive 
and aviation industries is backed by 
all the resources of R/M, pioneer in 
the development of “Teflon” products. 
R/M_ Flexible Thin-Wall “Teflon” 
Hose is available through leading cou- 
pling manufacturers. A list of suppliers 
and complete specifications will be 
furnished on request.  *A Du Pont trad: 


Other R/M “Teflon” products for the auto- 
motive and aviation industries include rods, 
sheets, tubes and tape; centerless ground 
rods held to very close tolerances; stress- 
relieved molded rods and tubes; Raylon— 
a mechanical grade of “Teflon,” having many 
of the properties of virgin “Teflon.” For 
details, call or write R/M. 


INC. 


PLASTIC PRODUCTS DIVISION, MANHEIM, PA. 


FACTORIES : Manheim, Pa.: 


Bridgeport, Conn.; No. Charleston, S.C.; Passaic, N.J.; Neenah, Wis.; Crawfordsville, Ind.; Peterborough, Ontario, Canada 


RAYBESTOS-MANHATTAN, INC., Engineered Plastics ¢ Asbestos Textiles « Mechanical Packings » Industrial Rubber « Sintered Metal Products « Rubber Covered Equipment « Brake Linings 


Abrasive and Diamond Wheels « Brake Blocks « Clutch Facings « Laundry Pads and Covers « Industrial Adhesives « 
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FANSTEEL 


ELECTRICAL 


CONTACTS 


... dependable 
since 1914 


FANSTEEL 
SERVICE 


tangible, definite and usable help... | 
by people who are eager to give it, 


able to give it! 


Fansteel Metallurgical Corporation 


NORTH CHICAGO, ILLINOIS, U.S.A. 
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Offset or aligned... 


The Diebold Portable Microfilm Camera 
weighs only 20 lbs., is about the size of 

a portable typewriter, yet it is one of 

the fastest and lowest cost methods of making 

a copy—a microfilm copy in a split second, that 
projeets to full size onto a brilliantly 
illuminated reader screen. 


The shaft and bearing assembly shown is 
the mechanical heart of the Diebold 9600 
Portable Microfilm Camera. The rubber 
roller on the end of the shaft drives 

film in a film magazine in synchronism with 
copy being photographed. Smooth 


i i i : : ration of this shaft is imperative since 
The Heim Unibal Spherical Bearing consists of a operation 0 I 


single ball (through which the shaft passes) revolving in any hesitation or binds will show up on 

bronze bearing inserts which are housed in the bearing the film as density bars = the picture. 

body. This Unibal type of bearing has a large surface The shaft rotates in a horizontal position 
supporting area; carries heavier loads where required; continuously, and, when copy is being 

and corrects shaft misalignment in all directions. fed into the camera, a cam raises the shaft 

5 to 10 degrees out of alignment to contact the film. 


A wide range of stock sizes is carried by Heim dis- : ; 
A loose bearing could be used to permit 


tributors across the U.S.A. and in Canada. Heim Unibal bases : : 
Bearings, Heim Unibal Rod Ends, and the complete line this misalignment, but might result -" : 

of Pillow Blocks, Flanged Bearings, etc. are listed in irregularities. With the Heim Unibal Bearings, 
Heim catalog No. 100. Be sure you have the latest copy the smooth operation necessary is assured in 

in your engineering department. either the offset or the aligned position of the shaft, 


THE HEIM COMPANY ‘fairfield, Connecticut 
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Gain 99% More 


MCC ee 
with Sigma Welding 


eS 


Steel gussets, s-in. thick are sigma welded to %-in. thick drum ends at an average speed of 


15-in. per minute. 


This welding operator doesn’t have to bother with fluxes—and he doesn’t lose valuable 
time changing burned down electrodes. In fact, by using sigma welding in this operation, 
the Cardwell Manufacturing Company, Wichita, Kansas has increased welding speed 


and almost doubled arc time. The results—a better product, faster, and at less cost. 


AUTOMATIC WIRE FEED 


Sigma welding uses a welding wire, supplied from a convenient sized coil, as a consumable 
electrode. In this case it is stainless steel wire which is fed automatically, and at a pre- 


determined rate, into the welding arc. This ups welding speeds and simplifies work. 


NO FLUX 


The are is maintained in a shield of argon gas which envelopes the area between welding 
wire and work piece. Inert gas protection assures highest weld quality, and further simplffies 
welding operations. 

Sigma welding is available in both manual and mechanized setups. Call or write your 
local LinDE representative for free illustrated literature, and find out how you can gain new 


production speed and unit quality with a sigma welding installation. 


Linde Air Products Company 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street (ata New York 17, N. Y. 

Offices in Other Principal Cities 
in Canada: LINDE, AIR PRODUCTS COMPANY 


Division of Union Carbide Canada Limited, Toronto 


The term ''Linde’’ is a registered trade-mark of Union Carbide and Carbon Corporation. 
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This 
accordion 
design 


R) 


Micronic® element gives you 


10 times more filtration area 
for full engine protection 


do the same job for you. Write for our new 32-page 
“Filtration Manual for Product Designers”—and please 
enclose 25¢ to cover postage and handling. Address 
Dept. A4-117. 


Pull out Purolator’s accordion design and you'll see how 
Purolator packs 10 times more filtration area into its 
element than most filters. You'll find it provides maxi- 
mum filtering area in minimum space, assuring full engine 
protection as no other filter can. 

Controlled porosity of Purolator’s Micronic® element 
filters out particles as small as .000039 of an inch, yet 
never removes costly additives in heavy-duty or deter- 
gent oils and never channels. The Micronic® element, 
made of plastic-impregnated cellulose, isn’t affected by 
engine temperature, crankcase dilution, or water. 

Engine manufacturers have proved time and time 
again that these wear-reducing features make an engine 
perform better and last longer. Find out how they can 


FILTRATION FOR EVERY KNOWN FLUID 


PURQOLATOR 


PRODUCTS, INC. 


Rahway, New Jersey and Toronto, Ontario, Canada 


PUROLATOR PRODUCTS INC., Rahway, N. J., and Toronto, Ontario, Canada 
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PR ee es 


Leading tank carrier standardizes on 


Fuller 8-speed ROADRANGER® Transmissions 


Fuller 8-speed, semi-automatic 
ROADRANGER Transmissions will be 
standard in all new tractors purchased 
by Leaman Transportation Corpora- 
tion, Leaman Transportation Com- 
pany, Inc. and Chemical Tank Lines, 
Inc. of Downingtown, Pennsylvania. 

The combination of these three 
companies comprises one of the 
largest tank carrier operations in the 
world. Since 1930 this organization 
has used hundreds of Fuller Trans- 
missions . . . and recently added 36 
new R-46 ROADRANGERS in new 


Fuller R-46 . 
ROADRANGER 


Semi-Automatic 
Transmission 


White and International Tractors as 
part of the standardization on this 
8-speed model. 

Says D. A. (Dave) Ross, Vice 
President: “We get the best service 
from the 8-speed ROADRANGERS in 
our operation. Some have over 
150,000 miles on them, and have not 
been touched. Our maintenance cost 
is much less . . . in fact, we haven’t 
had any cost to date since we have had 
no trouble. 

“50% of all our mileage on the 
petroleum hauls is with an empty 
trailer. With the .577 ratio in the rear 
axle and 10 x 22 tires, we can main- 
tain a good road speed empty in 8th 


gear .. . at approximately 2000 to 
2200 rpm with our gas engines. This 
results in better fuel mileage and bet- 
ter engine life. And, we are able to 
maintain a higher rpm at all times 
under a load. Our drivers now 
say they wouldn’t have any other 
transmission.” 

For efficient, dependable operation 
of your trucks, ask your truck dealer 
now for full details on the easiest- 
shifting transmission available for 
your operation. Specify Fuller Roap- 
RANGER Transmissions for faster trip 
time, lower fuel consumption, longer 
engine life, less driver fatigue and 
greater profits. 


FULLER MANUFACTURING COMPANY 
Transmission Division, Kalamazoo, Michigan 


Unit Drop Forge Division, Milwaukee 1, Wisconsin © Shuler Axle Company, Louisville, Kentucky (Subsidiary) © Sales & 
Service, All Products, Western District Branch, Oakland 6, California and Southwest District Office, Tulsa 3, Oklahoma. 
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Flexloc thin nuts save space, 
weight and production time 


Self-locking nuts are 30% lower 
and lighter; speed up assembly 
with hand or power tools 


Self-locking FLexLoc thin nuts are 30% lower than 
regular height locknuts of the same nominal diameter. 
They fit into spaces where regular height locknuts will 
not go. You can design lighter, more compact units 
with them. 

Where you must reduce weight in a completed as- 
sembly, you can save by using shorter bolts with these 
lighter nuts. And you save production time. The length 
of engagement of mating threads is shorter: fewer 
revolutions of hand wrenches or power nut runners 
are needed to seat them. 

FLEXLOc nuts are of 1-piece, all-metal construction. 
You can use a FLEx.oc fully seated as a locknut or at 
any point along a bolt as a stop nut. Once the threads 
in the resilient locking section are fully engaged, the 
FLEXLOC grips the mating threads with uniform locking 
torque wherever wrenching stops. Since there are no 
nonmetallic inserts to come out or deteriorate, the 
locking life of a FLEXLoc is virtually unlimited. 

Your authorized industrial distributor stocks FLEXLOC 
nuts in a variety of sizes, materials and finishes. Consult 
him for details. Or write us for information about your 
special locknut problem. Flexloc Locknut Division, 


STANDARD PRESSED STEEL Co., Jenkintown 55, Pa. 
SPECIFICATIONS 


FLEXLOC THIN NUTS 


H WIDTH WEIGHT PER 
INCHES ACROSS 1000 NUTS 
CORNERS 


-125 .361 
.172 397 
-172 433 
-203 -505 
-250 -649 


-265 722 
-312 -866 
.312 -938 
-359 1.010 

1.155 


REGULAR 


——bhOD | ORO WO 


aoe FLEXLOC thin nuts are 30% lower than regular height locknuts. 

1516 There is a corresponding saving in weight. In sizes through 

1.732 5, in., thin FLEXLocs meet tensile strength requirements for 

regular height locknuts. FLExLoc nuts can be made in the 

NATIONAL FINE THREAD—S.A.E. thin type because every thread, even those in the locking 

section, carries its full share of the load. There are no 

nonmetallic inserts to waste head space or weaken the 
structure of the nut. 


-361 
-344 ‘ -397 
-375 ° 433 
438 . -505 
-500 . 577 


@Uwn— 


wo | RLNDSY | NR WOO 


Standard FLEXLOC self-locking thin nuts are available in plain or 
cadmium plated alloy steel, for use in temperatures to 550°F ; 
in plain or silver plated corrosion resisting steel, for tempera- 
tures to 750°F; and in brass and aluminum, for temperatures 
to 250°F. 


563 . 649 
-625 -312 722 
-750 312 -866 
-875 359 1.010 
-938 391 1.082 


1.063 406 1.227 
1.250 469 1.443 
1.438 .563 1.660 
1.625 -625 1.876 . STANDARD PRESSED STEEL CO. 
1.813 750 2.093 


3 187 $75 3326 ; FLEXLOC LOCKNUT DIVISION 


*Steel only (plain or cadmium plated) in stock sizes. JENKINTOWN PENNSYLVANIA 


Noh — 
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Wanted! 


Engineers who will accept the challenge of 


the most urgent program in the free world today... 


Long Range Guided Missiles 


vision. In 1945 North 
American started a pro- 
gram of research and de- 
velopment in this field. As 
far back as 1948, the first 
NATIV — North Ameri- 
can Test Instrument 
Vehicle—streaked to tra- 
jectory altitude of 10 
miles. One result of this 
type of pioneering was 
complete weapons system 
responsibility for the Air 
Force SM-64 Navaho In- 
tercontinental Guided 
Missile—a gigantic task 
embracing almost every 
field of engineering. 


Progress Grows Apace 
We can’t give details here, 
or describe facilities, solu- 


tions, flight tests. But we can tell you this: 


JIM THOMPSON’s career in mis- 
sile engineering at North 
American began in 1951. Today, 
Jim is Group Leader of Flight 
Instrumentation at the Missile 
Test Facility, Patrick Air Force 
Base, Florida. The tropical cli- 
mate there is ideal for his fa- 
vorite sports—fishing and golf. 


a new 


Ten years ago there was only a handful of men in 
the country who said it could be done. Today, more 
and more engineers—their technological noses 
scenting the fact that engineering history is in the 
making—are picking up the gauntlet of the greatest 
engineering challenge American ingenuity has ever 
faced —the race against 
time and the phenomena 
of long range guided 
missiles. 

Research and develop- 
ment that would ordinar- 
ily take years is today— 
of necessity — being tele- 
scoped into months. Prob- 
lems of aerodynamics, 
thermodynamics, high 
temperature materials, 


engineering chapter is being written. It is reaching its 
climactic phase. There will never be a better time for 
you to become a Missile Engineer. 


Are You This Kind of Man? 
Can you break with tradition...leave conventional 
— methods behind...and 
explore the unknown with 
the faith that in every 
obstacle lies the seeds of 
new successes ? 


If You Join These 
Men, We Promise You 
a management climate 
which stimulates personal 
growth—and rewards it 


MANUEL C. SANZ, Chief of Ma- with responsibility, pro- 


Dr. E. R. van DRIEST, Chief Sci- 
entist, is nationally recognized 
for his work in aerothermody- 
namics. He has a BS, Case 
Institute of Technology; MS, 
University of lowa; Ph.D., Cal 
Tech; and Sc.D, Technisch Hoch- 
schule, Zurich, Switzerland. 
Around his home, in Whittier, he 
finds ideal opportunities for the 
pursuits he and his family like 
best—horseback-riding, archery 
and other outdoor activities — 
perfect complement to the 
absorbing mysteries of his work. 


Contact: Mr. M. Brunetti, Engineering Personnel Dept. 91 SAE 


aeroelasticity—that a dec- 
ade ago were only theory 
in textbooks are today be- 
ing solved. What’s more, 
the production techniques 
necessary to turn these 
solutions into hardware 
have been evolved. 


Major Missile Center 
One of the major centers 
of this activity is North 
American Aviation’s Mis- 
sile Development Di- 


terials Research, found unique 
scope for his special talents at 
North American. This Chemical 
Engineer, with a Masters in 
Physics and Chemistry, is 
named as the inventor in a pat- 
ent on the famous Chem-Mill 
Process. His son leads a Los 
Angeles school band—with a 
chem-milled baton! 


fessional recognition and 
material benefits limited 
only by your own abilities. 
Your own academic stat- 
ure can be constantly en- 
larged with our Educa- 
tional Refund Plan—and 
some of the nation’s finest 
universities are close at 
hand. 


Write today for full particulars. If you’re the man 
we're seeking, we'll be glad to arrange a personal inter- 
view where you are now residing. 


Missile Development Division, 12214 Lakewood Bivd., Downey, California. 


NORTH AMERICAN AVIATION, INC. aes 
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7-inch Waldes Truarc retaining rings cut costs, 
Speed assembly-disassembly of 2-high/4-high mill 


New Model TA-625 2-high/4-high combination 
rolling mill designed by Stanat Manufacturing 
Co., Long Island City, N. Y., reduces 2/2” ingot 
to precision-rolled strip as thin as .001”. 

Waldes Truarc retaining rings help make 
possible a complete change of work rolls in 
20 minutes...solve difficult problems of accu- 
racy control by achieving positive location of 
bearings to extremely close tolerances. Rings 
eliminate costly parts and machining, save 
space, reduce maintenance. 


In the assembly illustrated above, 7’’ Waldes Truarc (Series 
5000) retaining rings—three on each roller—are used to posi- 
tion heavy-duty needle bearings in the bearing housing. 
Smaller rings position bearings in other roller assemblies and 
retain the shaft of a dual handwheel screwdown. All in all, 
18 Waldes Truarc rings are used in the mill. They replace 
machined shoulders, spacers and lock nuts...eliminate costly 
threading, other machining operations. 


Assembly is simple, even with giant 7“ diameter Truarc ring. 
Special Truarc ratchet pliers grasp the ring securely, ease it 
into the groove, snap it securely into position. Smaller pliers 
and various high-speed assembly jigs are available for other 
rings, permit assembly-disassembly to be performed rapidly 
even by unskilled labor. 


ent sizes within a type... 5 metal specifications and 14 different 
finishes. Truarc rings are available from 90 stocking points 


Whatever you make, there’s a Waldes Truarc Retaining 
Ring designed to improve your product... to save you material, 


machining and labor costs. Quick and easy to assemble and 
disassemble, they do a better job of holding parts together. 
Truarc rings are precision-engineered and precision-made, qual- 


throughout the U.S.A. and Canada. 


More than 30 engineering-minded factory representatives 
and 700 field men are available to you on call. Send us your 


ity controlled from raw material to finished ring. 
36 functionally different types... 


blueprints today... let our Truarc engineers help you solve de- 


as many as 97 differ- sign, assembly and production problems... without obligation. 


For precision internal grooving and undercutting...Waldes Truarc Grooving Tool! 


. WALDES 


fad ; 
» Titlane 


RETAINING RINGS 


© 1956 Waldes Kohinoor, Inc., 47-16 Austel Place, L. 1.C.1,N.Y. 


queen TREE ESE eee 
Waldes Kohinoer, Inc., 47-16 Austel Place, L.1.C. 1, N.Y... 
Please send the new supplement No. 1 which 
brings Truarc Cataleg RR 9-52 up to date. 

(Please print) 
OUI oo ssciciiseniecincedasnes toda tania aneadalie 
Cm on aise teen 
Business Address oo cceccenvsmsnsnmnone 


r-—--------- 


WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426; 
2,411,761; 2,416,852; 2,420,921; 2,428,341; 2, 439, 785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2, 491,306; 2,491,310; 2, 509, ,081; 
2, 544, 631; 2,546,616; 2, 547, 263; 2,558, 704; 2,574,034; 2,577,319; 2,595,787, and other U. S. Patents pending. Equal patent protection established in foreign countries. 
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with basic facts about alloy steels. Though much of the 
information is elementary, we believe it will be of interest 
to many in this field, including men of broad experience who 


IX This is the nineteenth of a series of advertisements dealing 


may find it useful to review fundamentals from time to time. 


Determining the Proper Depth of Case 


in Alloy Steels 


In the previous article of this series 
we discussed the carburizing of alloy 
steels, pointing out that the pur- 
pose of carburizing is to provide a 
hard, abrasion-resistant outer shell 
or “‘case.’’ Such a discussion natu- 
rally gives rise to the question, 
What factors influence the choice 
of case? Should it be _ shallow? 
Medium? Deep or extra-deep? 

While it is not always wise to 
formulate hard-and-fast rules, the 
following may be used as a general 
yardstick: 

Shallow cases (less than 0.02 in.). 
Suitable where wear-resistance alone 
is the chief requirement, and where 
good surface condition after heat- 
treating is advantageous. Not suit- 
able if high stresses are apt to be 
encountered in service. 

Medium cases (0.02 to 0.04 in.). 
For high wear-resistance. Will stand 
up under substantial service loads 
and stresses. The thickness is suffi- 
cient to permit certain finishing 
operations, such as light grinding. 

Medium-to-deep cases (0.04 to 0.06 
in.). For high wear-resistance. A case 
in this depth range is essential where 
continuing friction is involved, es- 
pecially friction of an abrasive or 
semi-abrasive nature. It is also a 
good precautionary measure where 
application of the finished part may 
sometimes involve crushing action. 


Extra-deep cases (more than 0.06 
in.). Cases of this depth can be 
obtained by extending the furnace 
time in pack carburizing. Highly 
wear-resistant, they also withstand 
shock and impact. A large camshaft 
of an internal-combustion engine is 
a good example of a part requiring 
the extra-deep case. This is of course 
particularly true of the cam lobes 
themselves. 

If you require specific advice con- 
cerning case-hardened parts, by all 
meanscommunicate withour Metal- 
lurgical Division. Bethlehem tech- 
nicians are always on call, and you 
can depend on their recommenda- 
tions. And you can depend on Beth- 
lehem, too, when seeking new sup- 
plies of alloy steels; for Bethlehem 
makes the full range of AISI stand- 
ard grades, as well as special-analy- 
sis steels and all carbon grades. 


If you would like reprints of this series of | 
advertisements from No. I through No. X VI 
please write to us, addressing your request to 
Publications Dept., Bethlehem Steel Company, 
Bethlehem, Pa. The first 16 subjects in the series 
are now available in a handy 32-page booklet, 
and we shall be glad to send you a free copy. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products 
are sold by Bethlehem Pacific Coast 
Steel Corporation. Export Distributor: 
Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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INSTALLATION 


IS SIMPLE AND 
RAPID WITH THE 
ROSAN “HEX-BAR” 





~ 
ie 
em? 
Bey 
2 





FULL 
THREADS 


Make your own replacement 
insert. Truncate ONE LESS 
thread of the replacement 
insert than the number of 
truncated threads found on 
the insert removed. This can 
be done by grinding or 
machining. Replacement in- 
serts may also be purchased 


from Rosan Inc. 


FULL 
THREADS 






THREADS 
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TRUNCATED 








ALSO ROSAN 
RING-LOCKED 
SELF-TAPPING 
STUDS AND INSERTS 


U.S.A. AND FOREIGN PATENTS 
GRANTED AND PENDING 


SELF-TAPPING INSERT 
CAN BE DRIVEN IN A DRILLED 
HOLE OR A CLASS 3 TAPPED HOLE 


Dock it when Mou drive it! 


SELF-TAPPING 


FOR ALUMINUM ALLOY, MAGNESIUM 
ALLOY, PLASTICS, BRASS, ETC. 


STANDARD THREADS 
EASY TO INSTALL, SIMPLE TO REMOVE 


2901 WEST COAST HIGHWAY 
NEWPORT BEACH, CALIFORNIA 


BRANCH OFFICES: Los Angeles * Detroit * Dayton 
Cleveland + Fort Werth + Newark 


CANADA: Railway and Power Engineering Corp. Ltd. 
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Muskegon —producer of the piston rings used in more 
than one out of every three new cars—offers these 
important advantages for your 1958-59 plans: 
ENGINEERING ABILITY Muskegon’s engineers design 
and develop all types of piston rings to meet exact 
requirements of every piston groove for any model 
of any engine. This precise engineering is why more 
than one out of every three new cars is equipped 
with Muskegon piston rings—all the way. 
EXPERIENCE: You benefit from Muskegon’s vast knowl- 
edge ... experience gained from pioneering piston 
ring firsts, such as “Unitized” steel oil rings, chrome 
plated “Unitized” oil rings, sintered powdered metal 
rings and lapped chromium plated steel segments. 
COOPERATION: Muskegon works closely with your 
engineers in the evolution of rings for all applications, 
including engines, transmissions, power steering and 
air compressors...ring designs that are worthy of the 
expense and time you put into new developments. 
FACILITIES: Muskegon has the manpower and the 
facilities to give you bulk quantities of piston rings 
when you need them. Muskegon rings are also avail- 
able in ready-packaged sets, with your own label, for 
your service shop requirements. 

This is why you should seriously consider Muskegon 
design —exclusively —for '58 and ’59. 
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Specify Muskegon 
Top Chrome 






Compression Rings 







SpecifyMuskegon 





Center 







Compression Rings 





Specify Muskegon 
Oil Control Rings 





DETROIT OFFICE: 
521 New Center Bidg. 
Telephone: Trinity 2-2113 


Qimce 192... The engine builders’ sounce ! 


AFFILIATE: Rotary Seal Division, manufacturers of mechanical 
seals for rotating shofts since 193]. 
Plants at Chicago, Illinois and Sparta, Michigan 
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How Great Lakes Steel y charts quality 


This is the business end of a thermocouple, the 
rugged yet delicately accurate device that measures 
temperature in an open-hearth furnace. The two 
fine wires you see above, inside the casing, absorb 
heat and transmit it as an electrical current to be 
charted by recording potentiometers. 


Left: Thermocouple is inserted into an open-hearth furnace 
to check temperature of heat. Right: Multiple indicator 
records open-hearth temperature. 


This view shows 12 of Great Lakes 17 open-hearth furnaces. 
Bright spots are furnaces being charged with pig-iron and 
scrap. The open-hearth process takes fram 10 to 12 hours, 


No chance for guesswork here—through eleven long 
hours the rising temperature of what will be 500 tons 
of Great Lakes open-hearth steel is meticulously 
controlled. Then, at exactly the right time and the 
right temperature, the glowing molten metal gushes 
into ladles for pouring into ingots. 


The slender, spidery lines on the chart assure another 
heat of high and uniform quality steel. Quality that 
is checked and rechecked at every step to assure 
that customer specifications are met precisely. 


Why don’t we get together and talk over your steel 
needs? Some time soon? 


GREAT LAKES STEEL CORPORATION 


Detroit 29, Michigan + A Unit of 


Ue i333 ol ei 


District Sales Offices: Boston, Chicago, Cincinnati, Cleveland, Grand Rapids, 
Houston, Indianapolis, Lansing, Los Angeles, New York City, Philadelphia, 
Pittsburgh, Rochester, St. Louis, San Francisco, Toledo, Toronto. 












Tachometer Take-Off 


VEEDER-ROOT 


» Rev-Counters 














a» ; , 
S ey 
- me. A ——) 


With this new attachment, Veeder-Root 
Rev-Counters can be installed on any engine 
having a tachometer take-off in a position which 
is readily accessible for easy reading. Take-off can 
be furnished to suit average engine-speed. 

So now you can make it easier than ever for 
your customers to see that your product is 
performing up to its guarantee . . . to see when 
routine maintenance is coming due, and 
whether servicing is needed. 

You can count on Veeder-Root to figure out 
how to engineer these adaptable Rev-Counters 
into your products . . . not only engines, 
but generators, compressors, heaters, 
refrigerators, and what have you? Write: 


Evewone... 
Con Cowit ow 


Veeper-Root 
ow 


INCORPORATED 


HARTFORD 2 
CONNECTICUT 


New York 19, N. Y. 
Greenville, S. C. « Chicago 6, Ill. 
Montreal 2, Canada 
Offices and Agents in Principal Cities 
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EFFICIENT 


HEAT 





TRANSFER 


WAVAM Bie... a7 internal thermal gradient 
of 1.2° C/watt or less! 





Industrys Highest Power Transistors 


Large area, thinness and intimacy of 
collector contact with large copper base 
provide the efficient thermal transfer. 


TYPICAL CHARACTERISTICS 


2N173 2N174 


in'the Delo Radio slloy-type germanium | rovedien(25°c) | 12'Vols| 28 Vols 
PNP power transistor. The Delco Radio Maximum current =| 2 | 2 amps 
2N173 and 2N174 transistors not only have Maximum collector voltage volts 


high power handling ability but also low dis- 


tortion characteristics. Thus, they are ideal | Saturation voltage (12 emp.) | 0.7 | (0.7 volts 
for audio as well as your general power | Power gain (Class A, 10 watts) | 


applications. Alpha cutoff frequency 

Furthermore, these transistors are normalized nae... 

to retain their performance characteristics nee ae 

regardless of age. Write for engineering data. SS 

Delco Radio transistors are produced & the ——— a 
Distortion (Class A, 10 watts) 











thousands every day. 


DELCO RADIO °"oxéorinouna 
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AiResearch 
Turbochargers 
make your diesels 
run cooler! 


Factors like advanced wheel design 


and perfectly matched turbine and compressor 


keep engine thermal loading at a minimum._ 


So effective is the AiResearch 
turbocharger that it provides 
power gains while actually lower- 
ing the heat level of the engine. 

Ambient air is compressed with 
an efficiency as high as 82%, feed- 
ing a maximum weight of air into 
the cylinders at the lowest possible 
temperature. 

Results: maximum power gain 
at minimum fuel cost; complete 
combustion with elimination of 
objectionable smoking; low 


THE 


engine thermal loading insuring 
long, trouble-free operation. 

All AiResearch turbochargers 
are air cooled, placing no added 
burden on the diesel cooling sys- 
tem and requiring no complicated 
plumbing. The rotating assembly 


is removable as a unit, simplifying 
in-the-field maintenance. This 
advanced design evolved from the 
most extensive experience in the 
field of small turbomachinery in 
America. 

Your inquiries are invited. 


BASIC SPECIFICATIONS FOR AIRESEARCH TURBOCHARGERS 


MODEL T-10 T-14 
Diameter — in. nom. 9 11.5 
Length — in. 9 14.12 
Weight — Ib. 40 95 
Output — Ib/min. 35-65 


(Standard Conditions) 


CORPORATION 


T-15 T-30-2 T-30-6 
15.25 15.25 16 

16.75 17.25 21.75 
125 135 195 
35-65 70-95 115-175 


AiResearch Industrial Division 


9225 South Aviation Blvd., Los Angeles 45, California 
DESIGNERS AND MANUFACTURERS OF TURBOCHARGERS AND SPECIALIZED INDUSTRIAL PRODUCTS 
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ot 


For automatic transmissions 
and similar bearing applications 


Solid steel or bronze; steel faced with babbitt or copper-lead, or 
copper-lead on both faces. Flat, spherical or special shapes. Grooves, 
holes, nibs, scallops or lugs. O.D. 1” to 6”. Wall thickness: solid, 
.028” to .141”; bimetal, .034” to .141”. Cold rolled for heavy-duty. 
Large capacity. Complete engineering service. 





FEDERAL-MOGUL DIVISION 


FEDERAL-MOGUL-BOWER BEARINGS, INC., !!1935 SHOEMAKER, DETROIT 13, MICHIGAN 
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You plan well 
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DANA CORPORATION 


onsistently . . . year after 


year for over a half-century... 
Dana has built up a rich fund of 
knowledge and skill in auto- 
motive power transmission and 
chassis design. 

Dana service is complete and 
comprehensive. It creates... 
engineers... manufactures. It is 


a service that has produced 


millions of Spicer units for a 
majority of the manufacturers 
of automobiles, trucks, buses 
and tractors. 

No matter what type of auto- 
motive vehicle you make. ..no 
matter what type of power trans- 
mission or chassis design you 
require ... Dana engineers and 


resources can serve you well. 


DANA will be at the ROAD SHOW 


SPICER PRODUCTS: Transmissions « Universal Joints « Propeller Shafts 
* Axles * Torque Converters « Gear Boxes * Power Take-Offs « Power 
Take-Off Joints « Rail Car Drives « Railway Generator Drives « Stamp- 
ings * Spicer and Auburn Clutches * Parish Frames * Spicer Frames 





Resistant to heat, shock, wear and galling . . . 
these nickel cast iron brake drums provide, in 
addition, extra strength due to their ribbed off- 
set shape. And the flange rim prevents stretch- 


ing of the outer periphery. Increased braking 
surface lowers pressure per square inch, result- 
ing in cooler, safer operation. Designed and pro- 
duced by Utility Mfg. Co., Los Angeles, Calif. 


Nickel cast iron makes good drums better! 
Last longer... cut operating and maintenance costs 


No problem with fade, overheat, or “bell mouthing” 
when you use Utility brake drums. 


Resists Heat Checking and Distortion: 


Utility drums are made of a carefully controlled 
nickel-molybdenum cast iron to retard heat check- 
ing and resist distortion, no matter how long or 
steep the grade. Specifying 1.75% of nickel assures 
high strength in an iron able to withstand the in- 
tense heat generated on the braking surface. 

As a result, users find brake drum life lengthened, 
while operating and maintenance costs go down 
sharply. 


152 


Nickel Prolongs Operating Life 


This is only one of countless examples, showing 
how the engineering properties of cast iron may be 
controlled to meet specific needs by use of nickel... 
either alone or along with other alloying elements. 


If You Have Metal Problems... 


If you need special combinations of properties... 
or if machining or heat-treating is a problem... we 
may be able to help you select exactly the right 
material to meet your needs. Send us details of your 
difficulty for our suggestions. 


4». 
NCO. THE INTERNATIONAL NICKEL COMPANY, INC. f2.\en.2K%: 
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757 Dodge Truck engine 
fo use newly-designed 
Holley Distributor 












First installation of the Rotovance Distributor (above) and 
Holley Governor (at right) will be on 1957 Dodge Truck 
models equipped with 354 engines. Two governors are used 
when the 354 engine is equipped with dual carburetion. 








1-6 


The first basic distributor design 
change in over two decades — Holley’s 
new Rotovance Distributor and sand- 
wich governor assembly —is standard 
equipment on the 354 cu. in. Dodge 
Truck engine for 1957. This distribu- 
tor-governor combination is the first 
to locate control valve and advance 
mechanisms in a single housing. 

The Rotovance Distributor and gov- 
ernor systems provide positive, con- 
sistent engine speed control — without 
power loss — with much better regu- 
lation than ordinary governors, from 
cut off to load point. Also standard 


on all Dodge Trucks equipped with 
Rotovance Distributors: Holley Venti- 
lated Contact Sets. These unique center- 
vent points have proven in the labora- 
tory and field alike to have a service 
life expectancy several times that of 
present contact sets. 

See the new Holley Rotovance 
Distributor with saridwich governor 
at your nearby Dodge Truck dealer. 
It’s one of the many advanced-design 
features which help give new “K” 
Series Dodge Trucks greater power 
and increased engine performance 
for 1957. 





11955 E. NINE MILE ROAD 
VAN DYKE, MICHIGAN 


FOR MORE THAN HALF-A-CENTURY— 
ORIGINAL EQUIPMENT MANUFACTURERS 
FOR THE AUTOMOTIVE INDUSTRY 







MECHANICS IS PROUD TO SERVE 
THE BLUE BOOK OF AMERICAN INDUSTRY 


From Drawing Board to Production 


The trade marks on these pages represent some of the 
companies we have been privileged to serve recently. 
Working with them, and many others, from drawing 
board to final production, Mechanics engineers have 
accumulated a wide range of universal joint know- 
how. They have solved power transmission and control 
problems such as clearance, torque, weight, angle, 
alignment, balance, overload, shock, speed changes, 
reversals and stamina with improved designs, metals, 
machining, tolerances, heat treating, hardening, 


balancing and lubrication. By designing and building 
drive lines that are specifically suited to the operat- 
ing characteristics of each machine, Mechanics 
universal joint engineers have helped the engines in 
the products represented on these pages to deliver 
maximum power to the wheels. The drafting board 
stage is the time to design more efficient power trans- 
mission into your product. We invite you to benefit 
from Mechanics engineers’ universal joint experience 
when planning your next model. 


MECHANICS Universal Joint Division BORG-WARNER 


Harrison Avenue, Rockford, Illinois 
Export Sales Borg-Warner International — 36 So. Wabash, Chicago 3. III. 


INTERMATIONAL 
MARVESTER 


CHRYSLER 


SLU 
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. Since 1925 our engine bearings have been 


specified by leading engine manufacturers. 


. The great emphasis we place on research, 
precision-control and product testing enables 
us to meet the most rigid engineering 


requirements. 


. Two modern plants permit us to handle 
small orders or big production runs with 


equal facility. 


. New improved processes provide produc- 


tion economies that make our quotations 


decidedly to your advantage. 


Steel-backed, copper, lead and 


D ET RO | _ A LU M | N U M & aluminum alloy-lined bearings are 
B RAS Ss = O R PO RAT | O N lead-tin over-plated to customer's 


DETROIT 11, MICHIGAN specifications. 
Plants at Detroit, Michigan and Bellefontaine, Ohio 
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more dependable 
starting under ai 


operating conditions 










“No Kick-Out” feature sets new standards 
in starting performance. 


® Since the earliest days of the automotive industry Bendix* 
Starter Drives have been noted for reliable starting. 


Now with the new and latest Bendix Folo-Thru Starter Drive, 
starting, even under the most adverse weather conditions, 
has been improved immeasurably. 


Although this new Bendix Starter Drive is fundamentally 
similar to its illustrious predecessors, it is specially designed 
to follow through the weak explosions until the engine 
actually runs on its own power. 















That's why cars, trucks and buses equipped with the 
Bendix Folo-Thru Drive are easier and quicker to start 
under all operating conditions. *REG. U.S. PAT. OFF. 


ECLIPSE MACHINE DIVISION OF “Q@moje~ 


ELMIRA, NEW YORK 








Export Sales: Bendix Internationa! Division, 
205 East 42nd St., New York 17, N. Y. 










costs less—te new Folo-Thru Drive requires no actuat- 
ing linkage and the less expensive solenoid may be placed in any 
convenient position. Results are lower installation costs and no 
adjustments. Complete detailed information is available on request. 







Bendix® Fole-Thry Starter Drive e Bendix" Automotive Electric Fuel Pump €r Premiers’ Carterton (EH 
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ENGINEERS - SCIENTISTS 



























































RECENT BREAKTHROUGHS IN SUPERSONIC AND 


HYPERSONIC KNOWLEDGE AND TECHNOLOGY— 


BASIS OF MAJOR RESEARCH AND DEVELOPMENT 


ACCELERATION AT REPUBLIC AVIATION 


Alexander Kartveli, Vice President in Charge of Research and Development, 


Invites the Inquiries of High Calibre Engineers and Scientists 


Recent discoveries justify a large scale, 
long range integrated attack on all the com- 
plex, interrelated aspects of passage through 
the upper atmosphere, in the opinion of 
Alexander Kartveli, creator of Republic’s 
famous family of Thunder-Craft.* 


Republic’s R & D activities are now being 
materially augmented and accelerated to 
speed the exploration of this new knowl- 
edge and technology. The broad areas under 
study are: 


* Hypersonic and Satellite Weapons Systems. 


* Advanced Propulsion Systems. 

* Nuclear Energy Applications to Aircraft. 

* Capabilities of Materials in Hypersonic and 
Nuclear Environments. 

* Electronic systems development to exploit 
the full potential of the most radical con- 
cepts of flight. 

The quality of the opportunities for cre- 
atively unhampered professional men with 
specialized experience in many fields is 
evident. Republic welcomes your inquiries 
regarding positions in any one of the areas 
outlined : 


*Each Thunder-Craft in turn has rep- 
resented a significant advance in air- 
craft design. Latest member of thic 
famous family is the incredible F-105 
Thunderchief, most advanced USAF 
fighter-bomber — supersonic and nu- 
Clear-weapons Carrying. 


Please send complete resume oj 
your technical background to 
Engineering Personnel Manager 


Ur. David G. Reid 


Positions Open At All Levels 


NUCLEONICS 

ELECTRONICS 

SERVOMECHANISMS 

PROPULSION 

STRUCTURES 

FLUTTER & VIBRATION 

DYNAMICS 

AERODYNAMICS 

THERMODYNAMICS 

FIRE CONTROL SYSTEMS 

FLIGHT CONTROL SYSTEMS 

INERTIAL NAVICATION 

INFRA-RED 

OPERATIONAL ANALYSIS OF 
WEAPONS SYSTEMS 

AIRFRAME AND SYSTEMS DESICN 

MATERIALS 


& SPIE FP EMESLAES AVIATION 


FARMINGDALE, LONG ISLAND. NEW YORK 
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new SP-321 PTO 


meets increased power requirements 
of modern industrial engines 


Increased rpm. . . . increased hp 
output—that’s the trend among in- 
dustrial engine manufacturers. And 
that’s where Twin Disc comes into the 
picture with its new SP-321 Power 
Take-Off—a friction clutch designed 
to meet the increased power transmis- 
sion requirements of today’s higher 
speed, higher horsepower industrial 
engines. 

Unusually compact for its high ca- 
pacity, this new PTO can handle up 
to 6730 Ibs.-ft. of torque and trans- 
mit up to 602 hp at 1550 rpm. It’s 
available with a standard SAE No. 00 
flywheel housing adapter to meet the 
widest range of industrial power 
units in its hp and rpm ratings. 


Other features include a triple 
driving-plate construction to provide 
ample friction surfaces to withstand 
excessive heat . . . a pilot bearing with 
double-width bearing race for greater 
lubrication retention and long life 
... and a spherical roller bearing at 
the clutch output shaft for greater 
overload and side-pull capacity. 

The new SP-321 Power Take-Off 
—along with the recently announced 
SP-318 and SP-314—makes the Twin 
Disc line of heavy-duty friction power 
take-offs the broadest, most complete 
line available. For full information, 
write Twin Disc Clutch Company, 
Racine, Wisconsin. Request new 
Bulletin 308. 


Twin Dise’s new SP Power Take-Offs feature: 
counter-balanced engaging linkage; positive- 
type clutch engagement; pilot bearing with 
double grease shield; clutch plates with maxi- 
mum friction area; spherical roller bearing; 
heavy-duty, oversize output shaft; easily ad- 
justed clutch through pin and adjusting ring. 


TW 
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ind 


TWIN DISC CLUTCH COMPANY, Racine, Wisconsin + HYDRAULIC DIVISION, Rockford, IIlinoi 


BRANCHES OR SALES ENGINEERING. OFFICES: CLEVELAND * 
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DALLAS * DETROIT * 


LOS ANGELES * 


NEWARK * NEW ORLEANS * TULSA 
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if you use or plan to use 


Take a good look at sources for steel castings. Can they 
adequately supply your needs now—and in the future? 
How about their other customers—when demands are 
high do you come first, second —or where? Are they “‘up” 
on quality control—do they have extensive production 
facilities—can they manufacture at lowest possible cost? 


Take a look at Campbell, Wyant, and Cannon. Here is 
a foundry that can produce over 150 tons of steel castings 
a day ... that can take care of your requirements and 
those of many others today and tomorrow. Modern 
equipment and complete facilities make it possible to 
economically cast steel in limited quantities or volume 
—in a variety of sizes and shapes. And no other foundry 
can surpass CWC’s abilities in quality control. For 
example, CWC is the first foundry to employ the spectro- 
graphic analysis of metals—an important time and cost 
saving method. Castings are radiographed by a million 
volt x-ray to assure adherence to the most stringent 
specifications. Extensive heat treating facilities are 
available to provide required metallurgical structures. 
A research foundry helps to decide many things before 
actual production starts. These, and many other control 
measures, enable CWC to make steel castings of highest 
quality at low cost. 


So take a good look at Campbell, Wyant and Cannon. 
Talk over your steel casting requirements with a CWC 
engineer now. Phone us at Muskegon 3-1331 or write: 


Radiographing by million volt x-ray is one of many important CWC controls. 


campbell, wyant and cannon 


FOUNDRY COMPANY 
DIVISION OF TEXTRON INC. 
Muskegon, Michigan 


SIX FOUNDRIES LOCATED IN MUSKEGON, LANSING AND SOUTH HAVEN, MICHIGAN... 
PRODUCING STEEL, GREY IRON AND IRON ALLOY CASTINGS...READY TO SERVE YOU. 
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. 


NEW ! 


Thompson's new, modern automotive 









parts manufacturing facility 







LREADY production is humming 

in Thompson’s brand-new parts- 
manufacturing plant just opened at 
34201 Van Dyke, Warren (Detroit), 
Michigan. This completely modern fa- 
cility is employing the latest methods 
and equipment available to provide 
low-cost, most efficient manufacture of 













chassis parts. 

Chassis design improvement has be- 
come an increasingly important fac- 
tor in the automotive industry’s future 
planning. This, plus the tremendous 
acceptance of Thompson steering link- 
age and other chassis parts has made 
Thompson’s latest expansion necessary. 

Finer steering linkage and suspen- 














sion parts, new and advanced manu- 
facturing techniques, better customer 
service—these are but some of the 
advantages that Thompson offers you. 

Have your engineers call on Thomp- 
son to help develop your steering link- 
age and suspension. Write, wire or 
phone Thompson Products, 34201 Van 
Dyke, Warren, Michigan. 












You can count on 









Michigan Division: Detroit + Portland 


- 
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New Thompson plant now in operation. 
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U.S. PowerGrip “Timing” Belts 
offer the automotive designer 
all these advantages : 


e no slippage, no take-up—allows long or short 
centers, high ratios. 


absence of metal-to-metal contact eliminates 
need for lubrication and housing devices. 


handles speeds up to 16,000 F.P.M., or so slow 
as to be imperceptible to the eye. 


close to 100% efficiency in positive power trans- 
mission. 

e constant angular velocity. 
noiseless operation. 


imbedded with steel cables to provide high ten- 
sile strength. 


Mechanical Goods Division 


Just a few of the many automotive applications 

where U. S. PowerGrip® “Timing” Belts will im- 

prove on conventional power transmission drives 

are: camshaft drives * window regulators * gover- 

nors * generators * power steering * air conditioning. 
. oe e 


“U. S.” also provides the automotive industry with 
a comprehensive line of molded and engineered 
rubber products, hose and adhesives. 


With U. S. Engineered Rubber Products, designers 
find they can do things impossible with other 
material. That’s because “U. S.” expertly molds 
rubber with any or all of these important properties: 
compression recovery * resistance to acid, various 
chemicals, oil, water * hot or cold tear resistance ¢ 
required tensile strength and elongations. 


“U. S.” factory-trained engineers and power trans- 
mission experts are ready to serve you. Simply con- 
tact U. S. Rubber, Automotive Sales, Mechanical 
Goods Div., New Center Bldg., Detroit 2, Mich- 
igan. Phone: TRinity 4-3500. 
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stainless steel 


safeguards the purity 
of your dairy products 


Dairymen and milk-product plant operators know that Stain- 
less Steel is the only metal that year after year effectively 
resists acid corrosion. It can easily be kept clean and sterile 
and imparts no odor in contact with the product. 


Through all the stages of milking, transportation, processing 
and packaging Stainless Steel completely safeguards the deli- 
cate flavor and highly sensitive qualities of milk and cream, and 
milk products like butter, cheese, ice cream and powdered milk. 


The delicious taste of your dairy products and the assurance of 
their purity is due to the dairyman’s extreme care and scientific 
methods and the use of Stainless Steel equipment. 


Mc LOUTH 
STAINLESS 
STEEL 


For the product you make today and the product 
you plan for tomorrow specify McLouth high 
quality sheet and strip Stainless Steel 


Mc LouTH ST£€v Corpo RATION DETROIT, MICHIGAN e MANUFACTURERS OF STAINLESS AND CARBON STEELS 





SENIOR METALLURGICAL ENGINEER 


3-5 years metallurgical experi- 
ence desired to specialize in cast- 
ing and forging design consulta- 
tion and procurement assistance; 
establish radiographic, ultrasonic 
and metallurgical requirements. 
Professional degree in applicable 
field required. 


SENIOR PRODUCIBILITY ENGINEER 


4-8 years aircraft or similar 
producibility experience desired 
in addition to applicable technical 
schooling to conduct and co-ordi- 
nate production engineering 
methods analysis and cost evalua- 
tions for development and design 
proposals and products. 


SENIOR WEIGHTS ENGINEER 


4-6 years experience in addi- 
tion to Civil, Aeronautical or 
Mechanical Engineering or 
Physics degree for responsibilities 
in preliminary design, weight con- 
trol, and weight methods groups. 


GROUP ENGINEER 
Structures 


8 years minimum stress analy- 
sis, structural loads and criteria 
experience desired to direct stress 
analysis and structural methods 
groups on prime airframe and 
missile projects. 


GROUP ENGINEER 
Propulsion 
8-10 years experience in power 
plant design group of prime 
manufacturer of military aircraft. 
Must be capable of directing de- 
sign of power plant installation, 
heating and ventilating system 
installation, and fuel system 
installation. 


7 te > 


| 0 
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AIRCRAFT CORPORATION * DALLAS 


IN ENGINEERING, THE 


BEST OPPORTUNITIES 


AVIATION 


IN AVIATION THE 


BEST OPPORTUNITIES 


ARE AT 


Mr. J. RUSSELL, Engineering Personnel 
Dept. 170-E, Temco Aircraft Corporation 
Box 6191, Dallas, Texas 


Please send me complete details of the Temco story of 
unusual opportunities for creative engineers. I am especially 


interested in 





Name 





Address 
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An International UD-18A powers the cyclone dust collector and a UD-1091 
operates the dryer in this Barber-Greene Model 848 bituminous plant 
owned by Hallet Construction Company, Ames, lowa. 


Rock County, Wisconsin, is now in the paving business with this Barber- 
Greene Model 848 Travel plant. Towing loader uses an International 
UD-350 and the mixer uses a UD-18A. 


100% International power units and trucks is the rule for Hazelmore 
Bituminous Co., Fairmont, Minn. Their Barber-Greene Model 848 contin- 
vous-mix plant is powered by a UD-18A and a UD-24. 


~~ 
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... WHY specify 


International 
Power Units 


for bituminous plants? 


These owners of Barber-Greene bituminous plants and 
pavers would give you these hard dollar reasons: 
Internationals have more features that pay off in lower 
production costs—and unsurpassed parts and service 
support for your convenience. 


Economical? You bet, with a clean-burning exclusive 
injection and combustion system...a 45° angle of in- 
jection...new open-face single-orifice nozzles that give 
thousands of hours of coke-free operation. 


Weather-proof? Definitely, with seconds-fast all- 
weather gasoline-conversion starting...full-flow filtering 
of all fuel, lube oil and air. 


Dependable? Sure thing, with such features as tocco 
hardened crankshaft journals, precision insert bearings 
and replaceable hardened sleeves. 


Heavy-duty? That’s the only type of engine 
International has built in 55 years. And the positive- 
type valve rotators that make valve grinding such an 
infrequent need is just one of the famous IH long life 
features that have helped sell more than 400,000 diesels. 


For more information, just see your easy-to-locate 
International Power Unit Distributor or Dealer. He’ll 
provide proof you can specify and get an adaptable 
International power unit that’s exactly right for your 
new or used machine. So be sure of profitable power for 
a long time to come by specifying Internationals for all 
of your driven machines. 


Even in Djakarta, Indonesia, the preference is for International power 
units. Here a UD-6 powers the government-owned Barber-Greene Model 
879-A Finisher. 


INTERNATIONAL 


CONSTRUCTION 
EQUIPMENT 


International Harvester Co., 180 N. Michigan Avenue, Chicago 1, Illinois 


A COMPLETE POWER PACKAGE INCLUDING: Crawler, Wheel, and Side-Boom Tractors... 
Self-Propelled Scrapers and Bottom-Dumps...Crawler and Rubber-Tired Loaders... 
Off-Highway Trucks... Diesel and Carbureted Engines... Motor Trucks. 
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New: Ineveased. Cooling 

Now Simplicity 





For new perspectives 
in NEEDLE BEARING design 


...look to Torrington, pioneer in the develop- 
ment of every type of precision Needle Bearings. 

Using carefully selected quality steels, and the 
most modern manufacturing methods, Torrington 
has developed a complete range of types and sizes 
of Needle Bearings for every use. There are special 
designs for rotation, for oscillation, even thrust 
applications! There are aircraft types, cam fol- 
lowers, and heavy duty types. Yet their unit 
cost is low, bringing anti-friction performance 
with economy. 

Precision manufacture and the full complement 


and performance 


of rollers that provides maximum radial capacity 
in minimum cross section make Torrington 
Needle Bearings top performers in the mosv 
rugged applications. 

Little wonder their use has spread to countless 
applications in every field with outstanding suc- 
cess. Have you considered them for your product? 
Send for further information today. 


THE TORRINGTON COMPANY 
Torrington, Conn. . South Bend 21, Ind. 


TORRINGTON BEARINGS 


e Spherical Roller «+ Tapered Roller 
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NEW DELCO-REMY 
EXTERNAL ADJUSTMENT DISTRIBUTOR 
ON ALL GM CARS IN 1957 


Designed especially for present and future high-compression engines, Delco-Remy’s 
trend-setting new external adjustment distributor increases timing accuracy, pro- 
vides greater electrical efficiency and durability combined with unprecedented 
ease of servicing. 


Contact point opening (and hence cam angle) is adjustable through a “‘window’’ in 
the cap while the engine is running. No special tool is required—just a simple “hex” 
wrench. The contact point set is a unit completely assembled and adjusted before 
being attached to the breaker plate . . . is easy to replace, in servicing, with a new 
factory-adjusted set, simply by removing two attaching screws. 


Centrifugal advance components have been relocated to a position above the circuit 
breaker mechanism, making it possible to locate the high-rate-of-break cam and 
the high speed breaker lever directly adjacent to the main bearing, for maximum 
rotational stability. The new one-piece circuit breaker plate rotates about the 
upper main bearing on a precision-fit bearing surface concentric with the shaft. 
Because of this new low-friction, concentric-rotating breaker plate, vacuum 
advance performance and hence fuel economy are improved. 


The new all-weather cap is easy to remove and replace—even in crowded underhood 
areas—-by simply turning the spring loaded latches with a screwdriver. Removal 
of the cap completely exposes the entire distributor mechanism for easy access. 
This all-new design is the original equipment distributor on all General Motors cars 
for ’57 and is another example of Delco-Remy leadership “‘Wherever Wheels Turn 
or Propellers Spin.” 


DELCO-REMY + DIVISION OF GENERAL MOTORS + ANDERSON, INDIANA 


C1 GENERAL MOTORS LEADS THE WAY—STARTING WITH 


GENERAL 
MOTORS 
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... let itbe CLARK 


There’s no finer assurance of a long 
and profitable life for a revenue ve- 
hicle than Clark units delivering 
horsepower from fly-wheel to tires. 
That basic usefulness extends with 
equal effectiveness to stationary 


power plants. 


It’s adistinguished family of proved 
money-makers—every one a product 
of planned specialization in this vital 
area of power transmission; every 
one solidly proved by millions of low- 


cost miles. 


Today, as for more than a half-century, 


it’s good business 


to do business with Cia 4 


Ss 


CLARK EQUIPMENT COMPANY 
BUCHANAN 5, MICHIGAN 
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ELECTRONIC 
ET ENGINE om 
ue CONTROLS | RESEARCH 


is our business 


We are permanently dedicated to RESEARCH and DEVELOP- 
MENT in every conceivable field of ELECTRONICS. 
GM's long-standing policy of decentralization creates unlimited 
opportunities for qualified Electrical, Mechanical Engineers and 


Engineering Technicians. 


AC The Electronics Division 
COMPUTERS GENERAL MOTORS CORP. 


(Digital and Analog) 


GYRO- 
SCOPES 


New plant (225,000 square feet) now being built in a Milwaukee suburb. This and 
our present plant will house the ELECTRONICS DIVISION — Milwaukee 
of the General Motors Corporation. 

Your future is assured (if you can qualify) in this lovely cool, southern Wisconsin 
city where every conceivable living and cultural advantage, plus small town 
hospitality is yours for the asking. Send full facts today about your education, work 
background, etc. Every inquiry treated in strict confidence—and you will hear 
from us by return mail. 


For Employment Application — Mr. John F. Heffinger, Supervisor of Technical Employment 


AC THE ELECTRONICS DIVISION 
GENERAL MOTORS CORPORATION 


Milwaukee 2, Wisconsin Flint 2, Michigan 
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Marman LIVE Joint Systems Speed 
Connection-Disconnection of Aircraft Tubing 


mea 


Marman LJ11 Live Joint on a jet engine bleed air line. 


Marman J11 and LJ11 Live Joints are designed 
to connect AND10104 tubing and maintain a 
positive seal over a wide range of temperatures 
and pressures. When deflections are imposed on 
the joint by pressure loads or thermal stresses, 
the wedging action of the V-band coupling 
against the flange faces retain the metal-to- 
metal seal. 


Compact configuration of high performance 
Marman Live Joints make them superior to 
bolted flanges and B-nuts where installation 
accessibility and weight savings are desired. 
J11 and LJ11 Joints are available in O.D. tube 
sizes from 1” to 12”. Temperature range is 
—300°F. to —1000°F., for pressures up to 
2000 psi. Write for full information. 


PRODUCTS COMPANY, INC. 


A SUBSIDIARY OF 


CORPORATION 


11214 EXPOSITION BLVD., LOS ANGELES, CALIFORNIA 


IN CANADA: AEROQUIP (CANADA) LTD., TORONTO 15, ONTARIO 
MARMAN PRODUCTS ARE MANUFACTURED UNDER VARIOUS U.S., CANADIAN AND FOREIGN PATENTS AND OTHER PATENTS PENDING 
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roved Dependable! 


that’s why Aeroquip Hose Lines and Self-Sealing Couplings 
are the most widely used in the Aircraft Industry 


It’s no wonder the aircraft industry readily turns to 
Aeroquip for the answers to fluid line design, maintenance 
and service problems. 

Aeroquip Products are skillfully engineered to perform 
as specified under all operation conditions. 

Aeroquip quality standards, highest in the industry, are 


For 3000 psi. Hydraulic and Pneumatic Lines 


use Aeroquip 680 Hose Assem- 
blies. Designed for fluid sys- 
tems up to 3000 psi. and 
operating temperatures from 
—65° to +200° F. In sizes 
from %”" to 1”, 


For Hydraulic, Lube Oil, Fuel, Coolant Lines 


use Aeroquip 350, 360 and 
390A Hose Assemblies. De- 
signed for fluid systems from 
200 to 3000 psi. and operat- 
ing temperatures from —65° 
to +275° F. In sizes from %6” 
to 3”, 


For Low-Pressure Air, Vacuum, Oil, Fuel Lines 


use Aeroquip 359 Hose Assem- 
blies. Designed for low pressure 
systems up to 300 psi. and 
operating temperatures from 
—65° to +180° F. In sizes 
from Ye" to %". 


Use Aeroquip 155 and 145 
Self-Sealing Couplings to 
speed inspection, servicing and 
replacement of power plant 
and other fluid system com- 
ponents. Lines can be connected 
and disconnected quickly, with 
no loss of fluid or inclusion of 
air. In sizes from 4%" to 142", 


REG TRADEMARK 


always maintained. 

Aeroquip offers a highly trained, highly successful engi- 
neering team that is available to all airframe and engine 
manufacturers for engineering assistance. 


To the aircraft industry, Aeroquip means dependability. 
Write for Aircraft Product Catalog No. 10], 


666 Teflon Hose and ““sezpeer’ gern” Fittings 


for high temperature fluid 
applications. Designed for any 
aircraft fluid system with 
operating temperatures up to 
500° F. and pressures up to 
1500 psi. insizes frome" to 1”. 


601 Lightweight Engine Hose and “little gezn”” Fittings 


for all weight-saving engine 
applications. Designed for use 
in fuel, petroleum, or synthetic 
lube oil and hydraulic systems 
up to 1500 psi. Operating 
temperatures from —65° to 
+300° F. In sizes from %6” 
to 2”. 


G17 Lightweight Airframe Hose and Fittings 


for all weight-saving airframe 
applications. Designed for 125 
psi. aircraft fuel and oil sys- 
tems and vent and drain lines. 
Operating temperatures from 
—65° to +300° F. In sizes 
from 1” to 2”. 


New! Type 3206 Self-Sealing Coupling 


for quick, positive connection 
and disconnection of 3000 
psi. hydraulic systems, the Type 
3200 Coupling is lightweight, 
simple and safe to operate. It 
connects with ao quarter turn of 
the union nut and releases with 
an axial pull on the nut, with 
no stable intermediate posi- 
tion. In sizes from —4 to —16. 


“little gem”? and “super geme”’ are Aeroquip Trademarks 


\eroquip 


"EGS Aw 


heidi ded'd 


JACKSON, MICHIGAN 
CALIFORNIA 


AEROQUIP CORPORATION, 
AERO-COUPLING CORPORATION, BURBANK, 


(A Subsidiary of Aeroquip Corporation) 


IN CANADA: AEROQUIP (CANADA) LTD., TORONTO 15, ONTARIO 
LOCAL REPRESENTATIVES IN PRINCIPAL CITIES IN U.S.A. AND ABROAD—AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN U.S.A. AND ABROAD 
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Wanted: Pioneers for man’s last frontier 


Help us build power for the 


conquest of space: 


LARGE 
ROCKET 
ENGINES 


WILLIAM J. CECKA, JR., 35, aero- 
nautical engineer, (Univ. of 
Minn. *43), was called from 
North American by the Air 
Force for experimental rocket 
work in 1944. On his return, 
he progressed rapidly: 1948, 
supervisory test job; 1950, 
group engineer, operations; 
1953 engineering group leader; 
1955, section chief of engineer- 
ing test. Using our refund 
plan, he has his M.Sc. in sight. 


GEORGE P. SUTTON, in the 13 bril- 
liant years since receiving his 
MSME, Cal Tech, has made 
rocketry a way of life. His 
reputation is world wide. His 
book Rocket Propulsion Ele- 
ments is recognized as the 
standard text on the subject. 
Still active academically, but 
no bookworm, he takes time off 
occasionally to study the laws 
of motion at some of the 
world’s better ski resorts. 


Tomorrow’s count down already fills the air at 
RocKETDYNE’Ss 1,600-acre Field Test Laboratory in 
the Santa Susana Mountains near Los Angeles. 
For this is the free world’s largest workshop for 
rocket engineering — the great new industry that is 
now attracting many of the finest scientific and 
engineering minds in the country. 


EXACTING RESEARCH, EXCITING PROSPECTS 


From the rock-bedded test stands come 2 miles of 
recordings per day — data far ahead of available 
texts. The big rocket engine is a flying chemical 
factory in an absolute state of automation. It toler- 
ates no error. It demands ductwork, turbomachin- 
ery, pressure chambers, orifices, injectors, heat 
exchangers and closed-loop control systems that 
must put hundreds of pounds of precisely mixed 
propellants into controlled combustion every sec- 
ond. Tolerances go down to 0.0001”. Temperatures 
range from -250° F to 5000° F. Process time con- 
stants occur in “steady state conditions” of the 
order of a few milliseconds. Event sequences are 
minutely evaluated, as basis of designed perfor- 
mance predictions of extreme exactitude. 

The methods now being developed at 
ROCKETDYNE for producing effective power to the 
limits of mechanical stress will have wide applica- 
tion. Such experience is practically unobtainable 
anywhere else. As a graduate engineer, you may 
be able to participate— now. 

What motivates a rocket engineer? Well, the 
material advantages are high; but it is the work 
itself that draws him most. He feels the same incen- 
tive that moved Magellan ...spurred the Wright 
Brothers ...and beckoned again to Goddard as he 
flew the first liquid rocket at Auburn, Mass. in 1926. 

At RocKETDYNE, you can do this kind of pioneer- 
ing in a management climate that stimulates per- 
sonal growth—and rewards it to the limits of your 
ability. Academically, too, you can grow with our 
financial aid; some of the nation’s finest univer- 
sities are close by. 


INTERESTING BOOKLET: ““The Big Challenge”—facts on 
design criteria and development approaches used 
at RocKETDYNE. Write for your personal copy, 
specifying your degree and years of post-college 
experience. Address: A. W. Jamieson, Engineering 
Personnel Dept.SAE,6633 Canoga Ave., Canoga 
Park, California. 


ROCKETDYNE F2 


A Division of North American Aviation, Inc. 


BUILDERS OF POWER FOR OUTER SPACE 
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On TWAS super-Caw Lockheed Constellation’s landing gear... 


Elastic Stop’nuts pass this brutal drop test 


Like a bladeless guillotine, this 40-foot-high Lockheed test 
stand hoists landing gear assemblies aloft, spins their wheels 
backward 100 miles an hour, and crashes them down on its 
concrete base. Tons of lead weights simulate the big plane 
the landing gear is designed to carry. 

The Lockheed experiments are directed toward develop- 
ment of lighter, stronger landing gear. These new units in 
turn demand fasteners designed for maximum resistance 
to fatigue failure plus the utmost dependability in terms of 
rated tensile performance and resistance to loosening under 
severe vibration and extreme shock and impact loads. 
Among the planes to benefit from data already secured by 


these punishing tests is the new Lockheed Super G Con- 
stellation, already placed in service by TWA. The Super 
G Connie’s landing gear is only one of the many structural 
sections of the new plane fastened with vibration-proof 
Elastic Stop nuts. 

Elastic Stop nuts with their familiar red locking collars 
have been used on every new air frame developed during the 
last two decades. They have performed satisfactorily under 
the most unpredictable test conditions . . . under normal 
operating conditions . . . and throughout millions of hours 
of rugged combat service. You can rely on flight-tested 
Elastic Stop nuts! 


ELASTIC STOP NUT CORPORATION OF AMERICA 


Dept. N79-175 + 2330 Vauxhall Road + 


Union, N. }. 


locking collars are standard on all ESNA fixed fasteners guaranteeing: 


vibration-proof locking 


thread sealing . . . no galling 


immediate identification 


adaptability to all shapes and sizes of aircraft fittings 
suitability to production line assembly methods 
extended reusability (ask for ESNA’s high re-use 


Nylon Spec. + 420). 
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The Jet Propulsion Labora- 
tory is a stable research and 
development center located 
north of Pasadena in the 
foothills of the San Gabriel 
mountains. Covering an 80 
acre area and employing 
1600 people, it is close to 
attractive residential areas. 


The Laboratory is staffed by 
the California Institute of 
Technology and develops its 
many projects in basic re- 
search under contract with 
the U.S. Government. 


Opportunities open to quali- 
fied engineers of U.S. citizen- 
ship. Inquiries now invited. 


IMPORTANT DEVELOPMENTS AT JPL 


Material Testing at 5000° F. 


The use of materials at extreme operating 
temperatures requires a knowledge of their 
properties at these temperatures. In order 
to determine the high temperature proper- 
ties of graphite for use in jet vanes and 
nozzles, new testing equipment and tech- 
niques were needed. 


For this purpose, the Jet Propulsion 
Laboratory successfully developed unique 
testing equipment using specially-designed 
graphite extensometers and spiral heaters 
capable of determining the stress-strain 
properties of graphite at temperatures in 
the vicinity of 5000° F. 


Commercial graphite grades are now being 
evaluated for missile applications using this 
equipment. Concurrently a long-range in- 
vestigation has been initiated to determine 
the effect of micro-structural variables upon 
the properties of graphite at extreme tem- 
peratures. 


Supporting research of this type is a Lab- 
oratory ‘‘must,"’ providing needed data for 
engineers concerned with the design of mis- 
sile systems. 


Qualified individuals interested in such 
stimulating activities will find rewarding ca- 
reers in research and development at JPL. 


AERONAUTICS * MECHANICAL * STRUCTURES * DYNAMICS 
PROPULSION * APPLIED MECHANICS * INERTIAL ELEMENTS 
METALLURGY * CERAMICS * SOLID STATE PHYSICS 


JOB OPPORTUNITIES 
IN THESE FIELDS NOW 


JET PROPULSION LABORATORY 
A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA * CALIFORNIA 
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Universal Joints, 


Propeller Shafts and 





Power Take-Off Joints 





s 
i} Step | | it | New, more powerful engines, lower silhouette 


designs and smaller clearances of today’s 
motor vehicles demand a new type of propeller 


shaft. It takes a plenty rugged assembly of 
() erly re much higher capacity, capable of working in 
a much smaller radius, to meet today’s 


exacting requirements. 











Having anticipated this trend to super power and 
super sleekness, “Cleveland” is ready with many new series 
of propeller shafts. These have greatly increased 
strength and decreased swing diameter and also 
incorporate the many advantages of the 
celebrated 32 tooth conventional spline 
shaft pioneered by “Cleveland”, 











Look to “Cleveland” for 

propeller shaft and universal 
joint requirements. We'll welcome 

the opportunity to work with you. 














Since 1912 
Cleveland Steel Products Corporation 








Automotive Division 


16026 Brookpark Road 
Cleveland 11, Ohlo 
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THis OKF 


When ball bearings are invaded by ex- 
ternal dirt, life is cut short. If dirt can get 
in, so can other contaminants...and lu- 
bricant can leak out. 

But when the SKF Red Seal is used... 
dirt and moisture are repelled and lubri- 
cant is positively retained until replaced. 

DuPont Fairprene, the material of the 
Red Seal, remains unaffected by lubri- 
cants, heat, ageing and moisture. Rein- 


forced by a securely staked steel retaining 
ring, it provides maximum sealing, lightest 
contact, lowest friction—for the life of 
the bearing. 

Designed for use by manufacturers of 
motors, portable tools, household appli- 
ances and other equipment requiring effi- 
ciently sealed bearings. Available in all 
standard S.A.E. widths, fully interchange- 
able with non-sealed bearings. 7753 


EVERY TYPE—EVERY USE 


SKF 


Ball Bearings 

Cylindrical Roller Bearings 
Spherical Roller Bearings 
Tapered Roller Bearings (“Tyson ) 


*Reg. U.S. Pat. Of. Tyson Bearing Corporation 


SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 
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moisture-free air for air brake systems 


Wagner moisture ejection valve 
keeps reservoirs clean and dry—automatically! 


Since moisture accumulation in the brake system can be a problem, 
you'll be interested in this fully automatic moisture ejection valve. 


Operating at 15 to 20 p.s.i. pressure, it ejects moisture with each 
average brake application. 


It mounts in any convenient location ...no heating element is neces- 
sary as the valve cannot freeze in open (exhaust) position. It connects 
to the air system by two air lines—one leading from the bottom of the 
air reservoir and the other from a brake application line. 


Expulsions occur without a noticeable drop in tank gauge pressure. 


TYPICAL PIPING DIAGRAM 


MOISTURE EJECTION VALVE 
HIGH CAPACITY—valve can eject up to 4 fluid ounces at ° 
a time... even expels foreign particles which may have settled 
to the bottom of the tank. 


CORROSION RESISTANT metal parts. Diaphragms are a 
combination of neoprene and nylon cord for long life and high okies! 
resistance to oil. / DISCHARGE LINE 


OPTION 
OPEN TO ATMOSPHERE-—valve fluid cavities are open to 
atmosphere .. . it is impossible to trap moisture within the unit. 4c.ose 
Cannot balance in open position...and “dump” reservoir a | 
pressure. @PIPE TEE = 'ac-2091 DRAIN COCK 


r--- 


These valves provide complete braking control for safe, sure 
stops. Each valve is completely interchangeable with other 
makes of valves. The basic valve can be installed by simply 
transferring the actuating mechanism to the Wagner valve. 
The treadle valve can be adjusted to angle properly with the 
contour of the floor board and also offers external adjustment 
of exhaust valve clearance. 


ES , For complete information on Wagner Air Brake Systems, 
Actuating write today for Catalog KU-201A. 


hoist Treadle Type Basic Type 


— WAGNER ELECTRIC CORPORATION, 6378 PLYMOUTH AVE., ST. LOUIS 14, MO. 


Wagner fi Breke Guts 


aot ROTARY AIR Copy 


>, 


Heart af the Wegner a y 


: af Mi Beale Gatem 


LOCKHEED HYDRAULIC BRAKE PARTS and FLUID * NoRol * CoMaX BRAKE LINING * AIR BRAKES * AIR HORNS * TACHOGRAPHS * ELECTRIC MOTORS * TRANSFORMERS * INDUSTRIAL BRAKES 
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You can draw 
and form them 


LITTLE 


Neto eae ; 
Wet. oe Ll 


with the new A-L low-nickel STAINLESS GRADES 


WRITE FOR THE 
ASSISTANCE 
YOU NEED 


1. “TECHNICAL STUDIES #3” 


. essential information on 
the composition, pape 
fabricating methods and appli- 
cations of AL chromium-man- 
ganese, low-nickel stainless 
steels. Write for your copy. 


2. TEST SAMPLES 


... We'll be glad to supply 
engineering assistance, and ac- 
tual samples of these 200-Series 
steels for testing under your 
processes and conditions. 


ADDRESS DEPT. SA-85 


In the top photograph, the fabrications 
you see are a mixing bowl, a tea-kettle 
base, a lock case and a patented shoe 
fastener: all made of A-L Type 201 or 202 
chrome-manganese low-nickel stainless. 
The finish is good, the steel handled the 
same in the presses as Types 301 or 302, 
and similar drawing, buffing and polish- 
ing procedures were followed. 

As in the lower illustration, the chrome- 
manganese low-nickel grades are being 
used also for fabrications as large as truck 
trailers and railroad coaches. Again, 
forming qualities and weldability present 


no problems, and results are entirely 
satisfactory. 

Sum it all up and this is the answer: 
you won't encounter any particular differ- 
ences in fabricating the 200-series of 
stainless steels . . . you wil find some 
advantage in price, and a very important 
factor of much greater availability in 
times of nickel shortage. @ Why not 
take advantage of our pioneering experi- 
ence with the low-nickel grades—let us 
help you use them. Allegheny Ludlum 
Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. 


For Stainless Steel in ALL Forms—call 


Allegheny [udlum 


Warehouse stocks carried by all Ryerson Steel plants 
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TO ALL ENGINEERS (ELECTRICAL, MECHANICAL, AERONAUTICAL, CHEMICAL) 
METALLURGISTS, CHEMISTS, MATHEMATICIANS, PHYSICISTS. 





ow did you do 

* 9 6) Engineers and Scientists from 

] hh Many Fields Urgently Needed for 
€ Rocket Work at Reaction Motors 


This is the time to consider all the advantages and disadvantages 
of your present position and decide whether you should make a 
change in 57. Once you’ve taken stock of 56 and your prospects 
for °57, you will find it well worth your while to consider these 
unsurpassed career positions. 
















Reaction Motors offers high-calibre positions te professional men 
with or without rocket experience—no faster growing industry 
or company in America —earn top salaries and benefits in a field 
known for its big rewards—enjoy advantages of both military 
and industrial applications. If you have worked in any one of a 
large number of diverse fields, RMI can turn you into a successful 


rocket man —F AST. 


LOOK OVER THE BROAD RANGE OF EXPANSION-CREATED 
ASSIGNMENTS IN OUR MAIN PROJECT AREAS: 


Missiles—Piloted aircraft—Launching de- 
vices—Ground support equipment—Liquid and 
solid propellant chemistry — Nuclear rockets 






Engine design Combustion phenomena 
Project engineering Applications engineering 
Test Fluid flow 
Analog simulation Thermostress and vibration 
Chemical kinetics Servo mechanisms 
Instrumentation High temperature alloys witur, we facilities of 
Aerodynamics Nuclear applications sane Nd moy Ountaj nutes awa 
Data reduction Technical planning achyarg in lake resort ; in 
Controls (hydraulic, (advanced design) 

pneumatic, electrical) Proposals 


To find out just where Your present skills fit 
in with the growing RMI picture, drop us a note 
or card. (Include address and phone number.) 
For immediate action, ask for an application form, 
or send complete resume to Supervisor of Technical Personnel 


Phacr So Progros 


\ | D> REACTION MOTORS, INC. 


oo A MEMBER OF THE OMAR TEAM 
a, 75 FORD ROAD, DENVILLE, N. J. 
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SAVE UP TO 700 LBS. HERE! Ps . mi 
| TDA Lightweight Tandem Driving Axles 4 


HOW TO GAIN UP TO 


380 LBS. OF EXTRA 


EVERY LOAD -MILE FOR THE LIFE 





WHAT THE TDA BONUS LOAD CAN DO FOR YOU: 





CAM -le-Ma-l tt ey al DMRS Mil le-M lol T ey Haul 30 more cinder blocks, 
ToT Delete Molten ole le El potatoes, per load! per load! 


$ 


ale Ee Al me ie ee al Melel lil -lal-] Ril tl COT ele N Lele le 

















A 
Y 
/ 
/ 
UO SAVE UP TO 
280 LBS. HERE! 
TDA TK-500 Series 
Trailer Axles in Tandem 
m 
, USE THIS MONEY-SAVING 
_ 






COMBINATION OF NEW 
LIGHTWEIGHT TDA’ 
TANDEM DRIVING AND 
TRAILER AXLES! 






° ; si fe 
“I A Ltrs 
? .. eee. 
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Used together, Timken-Detroit® light- 
weight tandem driving and trailer 
axles weigh almost 2 ton less than 
other axles of the same capacity. This 


means up to 980 extra pounds of 
bonus payload every trip. 
TDA Axles are the choice of Ameri- 
9 * € ca’s leading truck manufacturers. For 


complete information, contact your 


| 
hicle dealer or branch today. 
OF YOUR VEHICLE = mee 










ee Piants at: Detroit, Michigan * Oshkosh, Wisconsin 
{ Pita : . ‘ Utica, New York * Ashtabula, Kenton and Newark, Ohio 
| be , . , New Castle, Pennsylvania 


Sees . * 
fee 
. oe i - a ? oes 
a5 
% 
o —_ as * 
Bs 


i 9 


ROCKWELL Sa au Toc COMPANY 









a a ong of WORLD’S LARGEST MANUFACTURER 
CE ek OF AXLES FOR TRUCKS, BUSSES AND TRAILERS 





Engineers wanted for this assignment: 


DESIGN MISSILES 
FOR MEN 


That is the bold objective of the men who engineered and built the 
Mustangs, Sabres and Super Sabres. Today their mental altimeters are 
in the stratosphere... their pulse count in Mach numbers. And the air- 
planes emerging from this new engineering metabolism are veritable 
missiles in speed and altitude, yet they must house and protect a human 
pilot in the midst of otherwise fatal phenomena. 

Today's aircraft engineer must overcome an atmosphere that ranges 
from bone-freezing cold to blood-boiling heat...speeds where shock- 
wave drag and aerodynamic heating demand a bold new approach in 
design, materials and production techniques. 

He is asked to add strength and power —yet cut weight...solve flutter 
in theory, and with a producible design ... provide controls that make his 
vehicle a stable weapons platform even when flying at supersonic speeds. 

Finally, his brainchild must graduate from preliminary design and 
wind tunnel to prove itself both in the air and on the production line. 
If it fails—he has failed. 

In this realm of both unknowns and stark reality, engineering is no 
job for the timid or the easily discouraged or the fellow looking for a 
soft berth. 


A COMPANY WORTHY OF THE GOAL. Engineers have consistently guided 
the long-range technical advancement of North American Aviation. 
Newness and progress here are SOP. Some of the longest necks in the 
industry are on our engineering team. They've been sticking out into 
the future of aviation for years. 


IF YOU'D LIKE TO STICK YOUR NECK OUT ...we promise you a management 
climate that stimulates personal growth—and rewards it with profes- 
sional and material benefits that are limited only by your own ability. 

Writ: today for full particulars to: Mr. T. J. Wescombe, Engineering 
Personnel Manager, Dept. SAE, North American Aviation, Inc., Los 
Angeles 45, California. 


ADVANCEMENT IS RAPID WHERE GROWTH IS RAPID 


(2 


in 1943, AARON ee graduated BILL McLEAN obtained his Bachelor of 
from the Illinois Instit: f Technology Science degree in Electrical Engineer- 
with a B.S.M.E., a scholastic Honor Man ing at Wayne University in 1950. He 
in all departments. At North American received his Master’s Degree at the 
his first position was in the Structures University of Southern California in 
Section. He was appointed Supervisor 1951. He began his engineering career 
of Wing Structures in 1951. With the at North American Aviation as a Re- 
help of North American’s Educational search Analyst in the Servomechanisms 
Refund Plan, he received his M.S.A.E. in Group. Now, five promotions later, Bill 
1952. And last March, Aaron was pro- is a Group Leader in charge of the 
moted to Assistant Project Engineer Systems Simulation Section 


NORTH AMERICAN AVIATION, INC. 


H ERICAN HAS BUILT MORE AIRPLANES THAN ANY OTHER COMPANY IN THE WORLD 
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Naugatuck Paracrils 


In every industry, Naugatuck’s family of superior oil-resistant 
af e a ¢ rubbers is bound to bring longer service life under the 
eee Ol = resis a n most critical conditions. Graded to provide specific property 


values, the family of PARACRILS® provides: 


ru ip is ers © The most oil-resistant rubber available 


® The best balance between oil-resistance and 
low-temperature flexibility. 


fo r a i t © The best processing characteristics 


iat © The most tightly-controlled product specifications 
€ rit ' ¢c a i e Excellent resistance to aging at elevated temperatures 


e High abrasion resistance 
e The best resistance to air and gas permeability 


€ e 
Lo | ed pl icati G n $s If your rubber or rubber-like products require high oil resistance 


it will profit you to investigate Naugatuck’s PARACRILS 
Why not write to us on your company letterhead TODAY ? 


Naugatuck Chemical 


Division of United States Rubber Company 
Naugatuck, Connecticut 


IN CANADA: NAUGATUCK CHEMICALS, Elmira, Ontario * Cable Address: Rubexport, N.Y. 
Rubber Chemicals * Synthetic Rubber * Plastics * Agricultural Chemicals * Reclaimed Rubber « Latices 
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offers the new eee. 


@A BRAND NEW SAE MANUAL—the 
Blast Cleaning Manual—SP-124, newly listed 
with our publications, is priced at $2.00 per 
copy to SAE members and $4.00 per copy to 
nonmembers; quantity prices upon request. 


@ A “HOW-TO-USE-IT" BOOK—SAE Blast 
Cleaning Manual, the work of Division XX— 
Shot Peening, lron & Steel Technical Com- 
mittee, instructs engineers, designers, and @ A FIRST COMPLETE STORY—the Man- 
shop men in blast cleaning “know how.” ual fully discusses blasting abrasives, blast 
cleaning machines, production procedures 
and process specifications; includes 36 
illustrations and 3 tables. 


ORDER BLANK 


Society of Automotive Engineers 
485 Lexington Ave. Add 3% city sales tax for deliveries in N. Y. C. 


New York, New York 
Please send me .... copies of SP-124 (Check) (Cash) (Coupons) 
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Rochester 
Fuel Injector 
Systems 


Available now for the new 
1957 Chevrolet and Corvette! 


Rochester introduces the greatest major advance in 
automotive performance since the high-compression 
engine ... Fuel Injector Systems! Now, Rochester’s 
advanced research and design makes fuel injection 
practical! This outstanding engineering first from 
General Motors takes to the road on the new 1957 
Chevrolet and Corvette... establishing a new kind 
of performance through precision fuel control... and 
developing new highs in power, smoothness and 
torque. It’s another pioneering advance brought to 
the automotive industry by Rochester ...makers of 
the finest fuel control products. 


ROCHESTER PRODUCTS DIVISION OF 
GENERAL MOTORS, ROCHESTER, N. Y. 


CHESTER 
AUTOMOTIVE 
FUEL CONTROLS 
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can be a hidden enemy of circular parts like jet-engine rings. To insure 
physical and metallurgical accuracy, specify Cleve-Weld welded rings. 


Top Jet-Engine makers specify Cleve-Weld rings 


The design, metallurgy and produc- 
tion of welded circular parts have 
been Cleve-Weld specialties for 45 
years. We’ve worked with materials 
from carbon to stainless and the lat- 
est aircraft alloy steels. Cleve-Weld 
has the specialized equipment and 
experience to do exacting jobs. These 
are the reasons why America’s jet- 
engine makers procure Cleve-Weld 
rings. Pratt & Whitney J-57, Wright 


EXAMPLES OF CLEVE-WELD PROCESS PRODUCTS 





GEAR 
BLANKS 


JET RINGS 


wos (ce 
—_—_—_—_—_—_ ———— 





CLEVE-WELD PROCESS 


RIMS - RINGS - WELDMENTS 


188 





] _ MoT TOR 
4 HOUSINGS 4 


CLEVELAND WELDING DIVISION 
AMERICAN MACHINE & FOUNDRY COMPANY 
Cleveland 11, Ohio 


Aeronautical J-65, General Electric 
J-47 and other great jet engines tes- 
tify to our ring accuracy. 

Cleve-Weld is also a prime sup- 
plier of truck and tractor rims, rings, 
bands and gear blanks. Make Cleve- 
Weld your primary source for all 
rolled and welded circular parts, too. 
We'll show you why in dollars and 
cents. Write Circular Welded Prod- 
ucts Sales Department below. 





| _1DLER 


WHEELS BANDS 


b 
— eee ee a 


THIS IS = BASIC CLEVE-WELD PROCESS. 
bars or Special contoured sec- 

tions aoa are rolled into a circular form. 
Next, the part is welded and then expanded 
into a true circle. This tests the 

weld and insures accuracy. Later 
QQ Snes add — relief and 


608 


SEND THIS COUPON NOW 


Cleveland Welding Division — cunee SAE-71 
American Machine & Found 

West 117th Street and Berea 

Cleveland 11, Ohio 

Please send me: 

O Truck Rim Catalog 

O Tractor Rim Catalog 

O Brochure on Cleve-Weld Process 


Name__ 


Titl 
Attach to your company letterhead and mail 
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Clpain in 57... 


HARRISON PUTS THE ACCENT ON COOLING! 


a eh ae] 


ce | 


4 
: 
7 


There's a Harrison Radiator 
Out in Front of Every 
Rocket Engine Oldsmobile! 


Flashing performance is an “Olds” story . . . and Harrison puts 

a happy ending to heat. These higher-powered, higher-compression 
Rocket Engines will be blazing new highs in performance. 

And again in °57, Harrison will be up front, handling the heat and 
assuring dependable, economical operation. Backed by over 

46 years’ experience, Harrison is first choice with leading car 


and truck manufacturers. That’s why you'll find Harrison radiators 
Watch “WIDE WIDE WORLD” 


Sundays on NBC-TV 


on the new Chevrolet, Buick, Oldsmobile, Pontiac and Cadillac. 


If you have a cooling problem, look to Harrison for the answer. 


TEMPERATURES 


“= Tl HARRISO 


TO 


RADIATOR DIVISION, GENERAL MOTORS CORP., LOCKPORT, N.Y. 


SAE JOURNAL, JANUARY, 1957 





Manufacturing growth usually depends on one prime ingredient... 


performance! In the field of vinyl resin coated fabrics, ATHOL is proud 


Q ua | ' t y of their continuing ability to provide consistent, reliable quality 
in accordance with exact specifications. 
Cc on t rol It is ATHOL’S many years of experience and never-ending 
G oun t s | pioneering in the coated fabric field, plus the technical skill developed 


from servicing some of the largest users in the country, that has 


resulted in our present highly expanded production facilities. 


Your inquiries are invited. 


ATHOL 


MANUFACTURING COMPANY 


NEW YORK + ATHOL, MASS. + CHICAGO 

Represented on the Pacific Coast by A. B. Boyd Co. 

SEATTLE « PORTLAND « LOS ANGELES 

SAN FRANCISCO . SAN DIEGO Seuthere Athel Plant 


Butner, North Caroline 


Plants at VINYL FABRICS FOR AUTOMOTIVE USE 
Athol, Mass. 
and Butner, N. C. 


SEEESEEEEEEIS 


Controls Engineers are Key Men 


at the Small Aircraft Engine Dept. 
of General Electric. 


POSITION OPEN 
ay a a 

\ most important clement of engime design is har- 
nessing the power to bring the aircraft home safely 
This puts a Controls Engineer in a key spot 


Young engineer, metallurgical, mechani- 


eal, or aircraft structural, for technical-ad- 


Now unique opportunities exist for talented men to 
develop sunaeche for new product line of advanced ioe ‘ a. = 
small turboshaft, turboprop and turbojet engines ministrative position in large, comprehen- 
sive, long range materials project. Should 
ENGINE CONTROLS DEVELOPMENT 
SYSTEMS GESI0N: responsibility to design aad de- like to write and edit technical reports, deal 
velop advanced systems—performance requirements 
oheneath diagrams—-component and test speci- 
fications 


COMPONENT DESICN: design, develop and package 
specific controls components (sensors, actuators, fuel 
flow components, et 


daily with engineering personnel, meet new 
people, and assume some administrative re- 
sponsibilities. Will work directly with ex- 


perienced technical personnel in informal, 
EVALUATION: determine controls test facilities. Di- 
rect component and systems testing. Correlate test 
data. Evaluate test results. Make recommendations 
to design groups 


fast-moving, congenial environment. Will 
consider exceptionally qualified new gradu- 
ANALYSIS: determine engine controls parameters 


Prepare systems. Block diagrams. Analyze controls sta- 
bility. Provide performance specifications, (systems 
and components 


ate. 


E 
g 
B 
3 
iS 
Ss 
: 
B 


RELOCATION EXPENSES PAID 


BATTELLE 
MEMORIAL INSTITUTE 


505 King Avenue 


SSABASLSA 


Please write in strict confidence to 


Mr. T. S. Woerz (Section R-A-3 
Small Aircraft Engine Dept. 


GENERAL @@ ELECTRIC 


1000 Western Avenue West Lynn, Mass. 





BSSEEESSESAA 


Columbus 1, Ohio 


PIPPI IP PLP PLP IPP VI 
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WHAT'S 
THE MOST 
ECONOMICAL 
WAY? 


In any product equipped with an en- 
gine, circulating oil system, trans- 
mission gear housing, hydraulic 
system —in fact, anywhere there 
are moving parts in an oil system— 
there’s a place for LISLE MAGNETIC 
PLUGS. Their powerful, permanent 


magnets attract and hold the hard 
FREE Bo oklet abrasive metal particles present in a 
lubricant — protecting bearings and 


‘ other working parts. 
The unretouched photos at right, 
On e a Caning taken before and after installation 
in an oil system, show why many of 
; the nation’s leading manufacturers 
answers many questions that mean better pro- have standardized on LISLE MAG- 
duction, more profit for you. Just look at the NETIC PLUGS. Write for full informa- 
table of contents: Gon and test samples. 


Tank cleaning methods Machine cleaning methods 
Electrocleaning steel Paint stripping 


Electrocleaning nonferrous Steam-detergent cleaning 


dipping Better cleaning in hard- 


Applying iron phosphate coatings water areas 
in preparation for painting Treating wash water in ( ot | v D T 
Applying zinc phosphate coatings paint spray booths 


Cleaning, removing rust and 
conditioning for painting 
in cne operation Machining and grinding 


—_ is 
metals : , noe 
Pickling, deoxidizing, bright Gage Getting, Semting 04 


Rust prevention Many major airlines and engine manufacturers now use 
the LISLE MAGNETIC CHIP DETECTOR as a quick, positive 
ground check against possible internal engine or auxili- 
ary unit breakdowns, BEFORE in-flight failures. 
FREE Write for vour copy of this In addition to providing the protection of the Mag- 
oan : : netic Plug, the LISLE MAGNETIC CHIP DETECTOR can be 
44-page illustrated booklet. checked for metallic chips and particles (using « con- 
tinuity tester) WITHOUT removing it from the in- 
stallation. Ferrous material attracted by the powerful 
Alnico magnet bridges the electrically insulated gap 
between the magnet and the body of the Chip Detector. 
Only when the continuity tester gives a positive read- 
ing does the Chip Detector need to be removed for 
inspection and cleaning. Examination of the accumu- 
lated material often indicates the source of the trou- 
ble. Write for full information and test samples. 


Technical Service Representatives Located in 
Principal Cities of U.S. arid Canada 


Send me 4 on 


know about 


807 Main Street « Clarinda, lowa 
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Design lteadership in off control for 
shafts and pistons since 1923 


HIGH TEMPERATURE 


shaft sealing problems? 


...sOolve them 


with SIMPLEX 


High temperatures and high speeds call for a 
high degree of cooperation in shaft seal design. 


SIMPLEX offers this cooperation in design, 
backed by wide experience in solving similar 
problems for leading manufacturers of aircraft 
engines and auxiliaries. SIMPLEX products are 
supplied as original equipment in Allison, 
Pratt & Whitney, Wright and other leading 
aircraft engines. 


If the problem involves shaft seals or piston 
rings, whether for jet or reciprocating engines 
or components, call for the specialized help 
that SIMPLEX engineers can offer. Call, wire 
or write. 


Simplex Piston Ring Mfg. Co. 


12301 BENNINGTON AVENUE + CLEVELAND 11, OHIO 
75 N.E. 74th STREET * MIAMI 38, FLORIDA 


‘SIMPLEX 


HIGH SPEED SHAFT SEALS 
AND PISTON RINGS 


radiators chosen 
to cool Allis- Chalmers 


Industrial Diesels 


Heavy-duty uses of industrial engines, like this 
Allis-Chalmers Diesel generator set require depend- 
able, efficient cooling . . . as performed by Young 
radiators. 

Whether it’s a huge Diesel engine, compressor 
unit, power plant, oil-field equipment, power shov- 
el, earth mover, tractor, truck, bus .. . in fact, 
where the going is tough Young radiators are 
used. Their capacities range from low H.P. engine 
coolers to units for huge installations with ratings 
in the thousands of H.P. 


As heat transfer specialists, Young experience 
is drawn upon by the industrial and automotive 
fields to provide quality products for engine-cool- 
ing needs. How about calling on Young engineer- 
ing talent to solve your heat transfer problems? 


There is no obligation. _—, 3 


Write Dept. 117-A 
for FREE Catalog 
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why stainless 


F 


puts a gleam in a buyer’s eye 


Folks know that only stainless keeps its new look 
and bright beauty for a lifetime. They know it 
needs almost no care . . . how it cannot pit, chip 
or peel . . . how it fights rust and corrosion. They 
know because they choose stainless for every- 
thing from table service to garden tools. 

It’s why stainless naturally puts a gleam in 
their eye when they see it on the car you’d like 


to sell them. 

And stainless is tops, too, from your point of 
view. It’s easy to fabricate . . . comes in a wide 
variety of grades and finishes . . . and requires no 
protective coating. Your Crucible representative 
can give you further details. See him soon. 
Crucible Steel Company of America, The Oliver 
Building, Mellon Square, Pittsburgh 22, Pa. 


first name in special purpose steels 


Canadian Distributor — Railway & Power Engineering Corp., Ltd. 
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How can aluminum help you style and sell 


HE answer is in one simple but all- 
as fact: Aluminum gives you 
a combination of useful properties un- 
matched by any other metal. This versa- 
tile métal, Kaiser Aluminum, is opening 
a whole new field for styling and design 
ingenuity. 


For example, these styling trim ideas 
can be practical realities in aluminum... 


Practical for forming, because aluminum 
lends itself ideally to virtually every fab- 
ricating process .. . casting, extruding, 


stamping, forging . . . etc. 


Practical for finishing, because aluminum 
can give you flexibility of appearance. . . 
from a buffed, mirror-like finish to a lux- 
ury-look satin . .. using the simplest 


mechanical and chemical processes. 


Practical for production speed and econ- 
omy, because aluminum can permit sav- 
ings on material, reduced tooling costs 
and finishing operations. And the easy 
handling of lightweight parts leads to fur- 
ther savings in fabrication and assembly. 
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ell tomorrow’s car? 


nut all- And — again through this unique com- 
yes you bination of properties — aluminum pro- 
ies un- vides extra benefits that can be used as 
 versa- sales advantages... 

— Lasting beauty, solid aluminum, with no 


design . ; 
plating to chip, wear or peel. 


: - -orrosi sistant. 
 Silinaie Rust-proof, corrosion resistant 


um... Easy to maintain, ‘“‘new look” for the life 


ninum of the car helps boost trade-in value and 


ry fab- lowers reconditioning costs. 


uding, Our Automotive Development engineers 


are available to work with you as “idea 


partners”. introducing new develop- 


ninum 


nce ments such as Kaiser Aluminum’s exclu- 


a lux- sive, sunfast gold-color aluminum alloy 


nplest as well as to help you on any specific 


- requirements and problems in aluminum 


alloy selection and fabrication. 


| econ- 

it sav- For further information, call our 
- costs Automotive Industry Division, TRinity 
> easy 3-8000, Detroit. Kaiser Aluminum & 
to fur- Chemical Sales, Inc., 2214 Fisher Bldg., 
mbly. Detroit 2, Michigan. 


See “THE KAISER ALUMINUM HOUR.” 
Alternate Tuesdays, NBC Network. 
Consult your local TV listing. 
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Were you promised someone 


to carry your slide rule? 


If you’re a bonus baby at heart, wait for such an 
offer... the day may come! But if you’re anxious 
to start engineering, you might give some thought 
to our setup. It has unusual advantages. 

First, you'll find Jack & Heintz big enough to 
compete with the biggest—successfully. Big 
enough to offer all facilities for basic research in 
our field—electric systems and components for 
missiles, jets, other aircraft. 

But we’re small enough so you'll be used to the 
full extent of your capabilities—and so rewarded. 
Here, you'll find an engineer is somebody. He’s not 
bogged down with routine. 

May we send you details? A 3¢ stamp gets you 
all the facts, and you just might like our setup. 


Jack & Heinz, inc. 
17543 Broadway e« Cleveland 1, Ohio 


Please mail me information about the advantages of working for J&H. 


Name 





Address__ wal 





City sisitiaeaemteeenntneaiestneamnsictencnbanitit Zone State 





College or University 
lam employed as:__ 
| have the following degrees:__ 


lam a student with the following major:____ 


“MONOBALL”’ 


Self-Aligning Bearings 


ROD END 
PLAIN TYPES TYPES 


Ext 
t wt. & 
- PATENTED US A 


All World Bight) Reserved 


CHARACTERISTICS 


ANALYSIS RECOMMENDED USE 


Stainless Steel For types operating under high temper- 
Ball and Race ature (800-1200 degrees F.). 


Chrome Moly For types operating under high radial 
Steel Ball and Race ultimate loads (3000-893,000 Ibs.). 


Bronze Race and For types operating under normal loads 

Chrome Moly Steel Ball ( with minimum friction requirements. 
Thousands in use. Backed by years of service life. Wide variety 
of Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in 
similar size range with externally or internally threaded shanks. 
Our Engineers welcome an opportunity of studying individual 
requirements and prescribing a type or types which will serve 
under your demanding conditions. Southwest can design special 
types to fit individual specifications. As a result of thorough 
study of different operating conditions, various steel alloys 
have been used to meet specific needs. Write for revised Engi- 
neering Manual describing complete line. 


SOUTHWEST PRODUCTS CO. 
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LOW TEMPERATURE TESTING 
OF ELASTOMERS 


Compiled By 


Charles M. Miller, Chairman 
AMS Non-Metallic Material Committee 
and 
Dr. Willis O. Gordon, Northrop Aircraft 


August 15, 1956 $1.50 


For further information please write 


SOCIETY OF AUTOMOTIVE ENGINEERS, INC. 
485 LEXINGTON AVE., NEW YORK 17, N. Y. 


Only VISCO-METER* can 
perform this engine 
protection service 


Nothing contributes more to high operat- 
ing efficiency and satisfactory service life 
of gasoline and Diesel engines than cor- 
rect lubrication. Constantly, while the 
— - in operation, VISCO-METER 
‘ provides the operator with visual informa- 
ato tion on the lubricating quality of the oil 
Illustrated in the crank case. Everyone concerned in 
Booklet the manufacture, sale or use of gasoline 
and Diesel engines should know the 
proven-in-service advantages of the VISCO-METER. 


VISCO-METER strato TN 
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Saginaw b/b Screws guaranteed 90% efficient 
— offer 6 major advantages for designers 






Available in custom machined and commercial 
rolled thread types —have been built from 112 
inches to 391 feet long—% to 10 inches diameter. 

























Nut glides on steel balls. Like stripes on 
@ barber pole, the balls travel toward 
end of nut through spiral “tunnel” 
formed by concave threads in both 
screw and mating nut. 


VITAL POWER SAVINGS. With 
gvucranteed efficiency of 90%, Sag- 
inaw b/b Screws are up to 5 times as 
efficient as Acme screws, require only 4 
as much torque. This permits much smaller 
motors with far less drain on the electrical 
system. Circuitry is greatly simplified. 


SPACE/WEIGHT REDUCTION. Sog- 
2 inaw b/b Screws permit use of smaller 
motors and gear boxes; eliminate pumps, 
accumulators and piping required by hy- 
draulics. In addition, Saginaw b/b Screws 
themselves are smaller and lighter. Units 
hove been engineered from 1% in. to 


39% ft. in length. 

PRECISE POSITIONING. Machine- 
3 ground Saginaw b/b Screws offer a 
great advantage over hydraulics or pnev- 
matics because a component can be posi- 
tioned ot a predetermined point with 
precision. Tolerances on position are held 
within .0006 in./ft. of travel. 


Atl end of trip, one or more tubular 
gvides lead balls diagonally back 
across outside of nut to starting point, 
forming closed circuit through which 
balls recirculate. 


TEMPERATURE TOLERANCE. Nor- 
mal operating range is from —75° to 
+275° F., but assemblies have been de- 
signed in selected materials which function 
efficiently as high as +900° F. These units 
ere practical where hydraulic flvids have 
lost efficiency or reached their flash point. 


5 LUBRICATION LATITUDE. Even if 
lubrication fails or cannot originally 
be provided because of extreme tempera- 
tures or other problems, Saginaw b/b 
Screws will still operate with remarkable 
efficiency. Saginaw units have been de- 
signed, built and qualified for operation 
without any lubrication. 


FAIL-SAFE PERFORMANCE. Far less 

vulnerable than hydraulics. In addi- 
tion, Saginow offers three significant ad- 
vontages over other makes: (1) Gothic 
arch grouves eliminate dirt sensitivity, in- 
crease ball life; (2) yoke deflectors and 
(3) multiple circuits provide added assur- 
ance against operating failure. 
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SAGINAW STEERING GEAR DIVISION oF GENERAL MOTORS 
WORLD’S LARGEST PRODUCER OF BALL BEARING Dplines AND SPLINES 
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These MODERN Recirculating Ball Units can help you... 


SOLVE ACTUATION and TORQUE PROBLEMS 



























Saginaw b/b Splines average 40 times lower 
friction coefficient than sliding splines 






Transmit or restrain high torque loads far more 
efficiently—have been built from 3 inches to 10 
feet long—% inch to 6 inches in diameter. 














The steel balls recirculate in closed 
circuits formed by mating —— 
raceways spaced around the circum- 
ference of inner and ovter splines. 
Guides return balls. 


The Saginew b/b Spline radically in- 
creases the efficiency of transmitting 
or a high torque loads. In- 
stead of sliding against each other, 
surfaces glide on rolling balls. 


























This revolutionary new kind of spline utilizes the same basic 
principle pioneered by Saginaw in the ball/bearing screw. 

It permits new engineering designs never before practical— 
literally lets you achieve the “impossible”! In any application 
where column length must change under torque load, the 
Saginaw b/b Spline offers greatly decreased friction, less 
wear, longer life, more dependable operation. It can be 
fitted with integral gears, clutch dogs, bearing and sprocket 
seats or a wide choice of other attachments for use with 
electric, hydraulic or pneumatic units. To convert push-pull to 
rotary motion, helical types are available with very high leads, 
ranging from 20:1 to 100:1. 




















SEND TODAY FOR THIS FREE 1957 
ENGINEERING DATA BOOK... 


pe 









Saginaw Steering Gear Division 
General Motors Corporation 

b/b Screw and Spline Operation 
Dept. 4E, Saginaw, Michigan 
Please send new engineering data book on Saginaw b/b Screws and 
Splines to: 
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the most important advance 


in tube fittings in 


New IMPERIAL 


Furnished in steel and stainless steel 


makes a positive butt-joint 


Hi-Seal is the successor to all present tube 
fittings for high-pressure, severe service. 
Never before such ease in making a truly fool- 
proof tubing connection. Sleeve fits only one 
way, cannot be installed in reverse — no 
chance for error. Positive butt-joint with no 
tube entry into body of fitting eliminates need 
to spring tubing. This is especially important 
when working with large-diameter, heavy-wall 


years 





a 


NZ A“ 


we 
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no need to spring tubing °* 


or hard-temper tubing. Positively no torquing 
of tube when making a joint! 

All this plus the fact that Hi-Seal fittings 
can be disconnected and reconnected as often 
as desired with assurance of original pres- 
sure-tight seal! 


Ask your Imperial distributor for 
r41e at full details on the Hi-Seal Fitting. > 


Stondards Write for Bulletin 3061. 
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FOOLPROOF ASSEMBLY — Hi-Seal goes to- CLOSER TUBE BENDS — works in close 
quorters where other types of fittings can- 
not be used. A real aid to design. the tube . . thoroughly field tested. 


gether only one way. No need to dis- 
assemble or double check for tightness. 


ay 
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Created and manufactured exclusively by . . . 


THE IMPERIAL BRASS MANUFACTURING COMPANY 


1225 W. HARRISON ST., CHICAGO 7, ILLINOIS 


in Caneda: 334 Lauder Ave., Toronto, Ontaric 
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Industry's most complete line of tube fittings and tubing tools. 





withstands 
higher pressures °* foolproof assembly °* no flaring or threading 





WITHSTANDS HIGHER PRESSURES — Joints 
stay tight beyond the burst pressure of 











FEUTRON* 


The Felts of the Future that are here today! 


Eliminate virtually all problems encoun- 
tered with conventional materials in 3 
major reinforced plastic fields and are 
ideal for filtration, high temperature bear- 
ing seals, gasketing. The new FEUTRON 
mechanically interlocked felts, recently developed by 
American Felt Company, are of 100% synthetic fiber 
construction. Although particularly suited to the rein- 
forced plastic (low pressure) field their uses are practi- 
cally unlimited. 


The three reinforced plastic fields in which FEUTRON 
felts are especially suited: electrical and electronic 
equipment, as overlays in fiberglas mat reinforced bodies, 
where chemical or corrosion resistance is necessary. 


FEUTRON FACTS 


- Exceptional chemical resistance with thermal 
stability to 300F. 

. Non-hygroscopic and biologically stable. 

. Produces a smooth, fiber-free surface in 

finished product. 

Three dimensional strength properties. 

- Excellent uniformity of weight and thickness. 

. Good draping and tailoring properties. 

- Good resin pickup (wettability) due to large 

amount of fiber surface available. 

- Good resin-to-fiber adhesion. 

. High strength and elongation properties which 

may eliminate the need for pre-forming in 

deep draw applications, and prevent tearing 

in vari-shaped molded applications. 

Excellent dielectrical properties. 


~e2 NOUS WN 
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FEUTRON FELTS are available in DACRON** .. . 
ACRILAN*** .. . ORLON{... DYNELff... 
NYLON ...ARNEL{ft... VINYON{... VICARAT{ 


Investigate FEUTRON felts further, by sending for 
Technical Bulletin, making request on your firm’s 
letterhead. *Registered trademark 


*DuPont trademark for its polyester fiber 
**Acrylic fiber by Chemstrand 
tDuPont trademark for its acrylic fiber 

ttUnion Carbide’s acrylic fiber 

tttCelanese Corp. trademark for its tri-acetate fiber 

Union Carbide’s Copolymer of polyvinyl acetate 
ia and polyvinyl chloride 
ttVirginia Carolina Chemical Co. Zein Protein Fiber 


American felt 
Company 


TRADE MARK 





GENERAL OFFICES: P.O. BOX 5, GLENVILLE, CONNECTICUT 


SALES OFFICES: New York, Boston, Chicago, Detroit, Cleveland, 
Rochester, Philadelphia, St. Louis, Atlanta, Greenville, S. C., Dallas, 
Boynton Beach, Fia.; San Francisco, Los Angeles, Portland, San 
Diego, Seattle, Montreal.—PLANTS: Glenville, Conn.; Franklin, 
Mass.; Newburgh, N. Y.; Detroit, Mich.; Westerly, R. 1—ENGI- 
NEERING AND RESEARCH LABORATORIES: Glenville, Conn. 
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Versatile is the word for the 
Torqmatic 500 


AME the gasoline- or Diesel-powered equipment you 

buy or build in the 150 to 350 horsepower range 

and it’s a sure bet that it’s available—or will be soon— 

with the Series 500 Torgmatic, the world’s most ver- 
satile torque converter. 


Scores of manufacturers—making such varied equip- 
ment as cranes, shovels, drilling rigs, log loaders, ditchers, 
industrial locomotives, scrapers, graders and off-highway 
trucks—specify the TorQmMaTic 500 in the equipment 
they build, and with good reason. 

In one standard housing it gives them a choice of 4 
ranges, 7 torque ratios—and permits operators to 


= 


standardize on one type of converter for all their equip- 
ment within the horsepower range. 


In many applications it permits the use of lower horse- 
power engines with no reduction in working power 
because the TorQMaTic 500 multiplies engine torque 
anywhere from 250% to 360% —and means equipment 
owners will cut operating costs and get more work done 
per shift. 


For full details on the Series 500 TorqMatic Converter 
in your equipment write to: 


Allison Division of General Motors 
Box 894X, Indianapolis 6, Indiana 
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TIMKEN’ and The Moto-Mated Way 


Save 14.6% or more in bearing cost with 


new TIMKEN Moto-Mated bearings 


ERE’S a whole new concept in bear- 
ing design, manufacture and sup- 
ply from the Timken Company. It’s the 
Moto-Mated Way—mated to the needs 
of the auto industry. It anticipates your 
changing requirements, re-cements our 
57-year partnership with the automotive 
industry. Puts advanced machines to 
work for you. Provides you with a better, 
more uniform product at lower cost. Offers 
an almost unlimited source of supply. 
From the-Moto-Mated Way comes a 
whole new breed of bearings, Timken® 
Moto-Mated tapered roller bearings, in 
13 standardized sizes. Bearings that are 
smaller, for more compact design; light- 
er, to cut unsprung weight and improve 
the ride; capacity-packed, to take the 
loads of today’s power cars. And they're 
made with a new high in uniform qual- 
ity. And lower cost, too, because Timken 


Moto-Mated bearings are being pro- 
duced by the millions by revolutionary 
production line methods entirely new to 
the bearing industry. 

This year the automotive industry is 
saving 14.6% or more on millions of 
front wheel bearings by adapting to the 
standardized Moto-Mated bearing sizes. 
As fast as Timken Moto-Mated bearings 
are put into rear wheels, pinions, differ- 
entials and steering gears, new savings 
will be passed along to you. 

No need to take less than Timken 
bearing quality! For details on savings 
in bearing cost, related parts cost, and 
new opportunities to use Timken 

apered roller bearings in additional ap- 

plications, write to: The Timken Roller 
Bearing Company, Canton 6, Ohio. 
Canadian plant: St. Thomas, Ontario. 
Cable address: ““Timrosco”’. 


QUALITY, SERVICE, PUBLIC ACCEPTANCE MAKE 


UCR ath te Ye 





